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P r e l i m i n a r i e s  
--- 
I n t r o d u c t i o n  by P r o f e s s o r  Howard R a i f f a  
Welcome t o  Baden! Baden i s  an  A u s t r i a n  v i l l a g e  t h a t  i s  
known by some people  p r i m a r i l y  a s  a  h e a l t h  r e s o r t .  A l l  of u s  
h e r e  know i t s  t r u e  d i s t i n c t i o n :  namely, it is  t h a t  p l e a s a n t  
p l a c e  nea r  Laxenburg where IIASA has  i t s  i n t e r n a t i o n a l  con- 
f e r e n c e s .  
I would l i k e  t o  t a k e  t h i s  o p p o r t u n i t y  t o  thank t h e  
chairmen o f  t h i s  con fe rence ,  Mike Mesarovic and Eduard P e s t e l ,  
f o r  t h e i r  s p l e n d i d  p r e p a r a t i o n  f o r  t h e  confe rence .  The 
ar rangements  from IIASA's s i d e  were t h e  r e s p o n s i b i l i t y  o f  
D r .  Andre i  Bykov and P r o f e s s o r  Gerha rd t  Bruckmann. They have 
been a b l y  a s s i s t e d  by M r s .  I l s e  Beckey and M i s s  Claudia  S t a i n d l .  
I am s u r e  you a l l  j o i n  me i n  e x p r e s s i n g  ou r  a p p r e c i a t i o n  f o r  
t h e i r  e f f o r t s .  
L e t  me s a y  a  few words a b o u t  IIASA. As most  o f  you know, 
o u r  c h a r t e r  was s igned i n  October  1972,  b u t  it was n o t  u n t i l  
l a s t  summer--the summer o f  1973--that  s c i e n t i s t s  began t o  a r -  
r i v e  i n  Laxenburg. We now have about  f i f t y  s c i e n t i s t s  i n  r e s i -  
dence ,  and i f  one f i t s  an e x p o n e n t i a l  growth cu rve  t o  t h e  t i m e  
s e r i e s  o f  s c i e n t i s t s  p r e s e n t  a t  IIASA, t h e n  by t h e  y e a r  2000 
we s h a l l  have a l l  t h e  people  i n  t h e  world i n  Laxenburg. But  
s i n c e  o u r  i n f r a s t r u c t u r e  w i l l  n o t  pe rmi t  t h i s  unimpeded growth,  
we have  dec ided  on a  more o r d e r l y  growth p a t t e r n :  w e  e x p e c t  
t o  i n c r e a s e  o u r  numbers s lowly  from now on ,  and w e  a n t i c i p a t e  
r e a c h i n g  a  s t e a d y  s t a t e  o f  abou t  n i n e t y  r e s e a r c h  s c h o l a r s .  
Our funds  come from t h i r t e e n  n a t i o n a l  academies of  
s c i e n c e s ,  o r  s i m i l a r  t y p e s  o f  i n s t i t u t i o n ,  and I e x p e c t  t h a t  
o t h e r  i n s t i t u t i o n s  r e p r e s e n t i n g  o t h e r  c o u n t r i e s  w i l l  j o i n  o u r  
f a m i l y .  Like  most o t h e r  i n s t i t u t i o n s  t h e  world o v e r ,  we do  
n o t  have enough money t o  do what  we would l i ke - -o r  what we 
deserve--and some of o u r  marg ina l  e f f o r t s  w i l l  have t o  be  cur -  
t a i l e d .  
IIASA Proaram 
The Counci l  o f  o u r  i n s t i t u t e  h a s  a u t h o r i z e d  u s  t o  pursue  
r e s e a r c h  i n  t h e  fo l lowing  n i n e  p r o j e c t  a r e a s :  
METHODOLOGY 
General  
Reviews on t h e  S t a t e  o f  t h e  A r t  o f  ASA 
Proposa l  f o r  r e s e a r c h  on  o p t i m i z a t i o n  of 
l a r g e  s c a l e  systems 
DESIGN AND MANAGEMENT OF LARGE ORGANIZATIONS 
COMPUTER SYSTEMS AND COMPUTER SCIENCE 
LARGE INTEGRATED INDUSTRIAL SYSTEMS 
MANAGEMENT OF URBAN ANC REGIONAL SYSTEMS 
ECOLOGICAL SYSTEMS PROJECTS 
BIOLOGICAL AND MEDICAL SYSTEMS 
ENERGY SYSTEMS 
WATER RESOURCES 
These n i n e  p r o j e c t s  a r e  d i v i d e d  i n t o  two g roups .  The f i r s t  
t h r e e  (Methodology, Design and Management of  Large  Organiza-  
t i o n s ,  and Computer Systems and Computer S c i e n c e )  have 
p r i m a r i l y  a  s e r v i c e  o r i e n t a t i o n ,  t h e  o t h e r  s i x  an  a p p l i e d  
o r i e n t a t i o n .  We can  view o u r  r e s e a r c h  program i n  a  m a t r i x  
framework ( F i g .  1). 
Along one  d imens ion  we f e a t u r e  i n  t h e  s e r v i c e - o r i e n t e d  
p r o j e c t s  a  h o s t  of  a n a l y t i c a l  s k i l l s  r a n g i n g  from s p e c i a l t i e s  
i n  a p p l i e d  mathematics  (ma thema t i ca l  programming, c o n t r o l  
t h e o r y ,  s t a t i s t i c s ,  mode l l i ng ,  e t c . )  , i n  computer  s c i e n c e s ,  
m a n a g e r i a l  s c i e n c e s ,  b e h a v i o r a l  s c i e n c e s ,  p o l i c y  a n a l y s t s ,  
e n g i n e e r i n g  of d i f f e r e n t  t y p e s ,  and even  i n t e r n a t i o n a l  law 
and h i s t o r y .  I n  t h e  o t h e r  d imens ion ,  we l i s t  o u r  a p p l i e d  
a r e a s :  ene rgy ,  w a t e r ,  ecology-environment ,  r e g i o n a l  deve lop-  
ment ,  b io-medica l ,  and i n d u s t r i a l  sys tems.  
The c h o i c e  of  p r o j e c t s  was a r r i v e d  a t  by a  complex pro-  
c e s s  o f  i n t e r n a t i o n a l  n e g o t i a t i o n s .  I t  was h p o s s i b l e  t o  
a g r e e  o n  one  o r  two p r o j e c t s  on which t o  c o n c e n t r a t e ,  s o  we 
have proceeded w i t h  a  p o r t f o l i o  o f  i n t e r r e l a t e d  p r o j e c t s .  
We used  t h e  f o l l o w i n g  c r i t e r i a  f o r  t h e i r  s e l e c t i o n :  
a )  Interdisciplinary-~~~lied-Policy o r  Manage r i a l l y  
O r i e n t e d  
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c )  Important  ( t o  N M O ' s  and o t h e r s )  
d)  F e a s i b l e  
f )  Phased Output--Balance of Risks  
g )  I n t e g r a t i o n  Across P r o j e c t s  
The c r i t e r i a  a r e  se l f -exp lana to ry  and need no a m p l i f i c a t i o n  
excep t  perhaps f o r  C r i t e r i o n  b ) :  Global  o r  Universa l .  GI-obal 
p r o j e c t s  inc lude  such t o p i c s  a s  man's e f f e c t  on t h e  c l i m a t e ,  
o r  t h e  law of t h e  s e a ,  o r  t h e  a c t i v i t y  a t  t h i s  conference  on 
g l o b a l  modell ing;  u n i v e r s a l  p r o j e c t s  d e a l  wi th  concre te  
problems t h a t  each country  f a c e s  such a s  how t o  g e t  r i d  of 
our  s o l i d  was te ,  how t o  manage our  f o r e s t s ,  how t o  provide  
emergency h e a l t h  s e r v i c e s ,  and s o  on. IIASA w i l l  f e a t u r e  a  
mix of both  kinds  of  a c t i v i t y :  g l o b a l  p r o j e c t s  and u n i v e r s a l  
p r o j e c t s .  
Our aim, of course ,  i s  n o t  t o  have n ine  s e p a r a t e  p r o j e c t s  
b u t  t o  i n t e g r a t e  them i n  some c r e a t i v e  manner. Now a l l  of 
you know, on ly  too w e l l ,  how d i f f i c u l t  it is t o  g e t  s c h o l a r s  
from d i f f e r e n t  d i s c i p l i n e s  t o  i n t e r a c t .  And we c r o s s  n o t  
on ly  d i s c i p l i n a r y  b a r r i e r s ,  bu t  c u l t u r a l  and i d e o l o g i c a l  
b a r r i e r s  a s  w e l l .  One way of achievinq such i n t e r d i s c i ~ l i n a r v  
and c u l t u r a l - i d e o l o g i c a l  i n t e g r a t i o n  i s  t o  g e t  s c i e n t i s t s  t o  
focus  on a  few important  real-world problems: ano the r  way 
i s  t o  s e l e c t  s c i e n t i s t s  who have a l ready  demonstrated an a b i l -  
i t y  t o  work a c r o s s  d i s c i p l i n a r y  l i n e s ,  and y e t  ano the r  is 
t o  i d e n t i f y  some themes which c u t  ac ross  our  p r o j e c t  a r e a s .  
One such theme i s  t h e  s u b j e c t  m a t t e r  t r e a t e d  i n  t h i s  symposium. 
L e t  me now say  a  few words about  IIASA's r e s e a r c h  s t r a t e g y  
a s  r egards  modes of r e sea rch  a c t i v i t i e s .  We hope t h a t  over  
t h e  y e a r s  IIASA w i l l  be recognized a s  a  p l a c e  where t o p  
s c i e n t i s t s  from a l l  o\.rer t h e  world congregate t o  pursue j o i n t  
r e s e a r c h  on important  world problems. We hope t o  e s t a b l i s h  
a  community where t h e r e  i s  an on-going, open, s o p h i s t i c a t e d  
in te rchange  of i d e a s  on problems where app l i ed  systems a n a l y s i s  
has  a  r e l e v a n t  inpu t .  From my admi t t ed ly  b iased  viewpoint ,  
we have gone a  long way a l ready  i n  achieving t h a t  end. But 
IIASA can only  make a  meager impact i f  our r e s e a r c h e r s  work 
i n  i s o l a t i o n  of t h e  work done elsewhere.  I t  is IIASA p o l i c y  
t o  c o l l a b o r a t e  wi th  o t h e r  i n s t i t u t i o n s  both  i n t e r n a t i o n a l  
( l i k e  such U . N .  agencies  a s  IAEA, WHO, UNESCO, and s o  on) 
and n a t i o n a l  (such a s  t h e  I n s t i t u t e  of Con t ro l  Sciences  i n  
t h e  USSR, v a r i o u s  U.S. u n i v e r s i t i e s ,  ~ l e c t r i c i t 6  de  France,  
and t h e  l i k e ) .  
Besides doing resea rch  by o u r s e l v e s  and i n  c o l l a b o r a t i o n  
wi th  o t h e r s ,  we have an o b l i g a t i o n  t o  be an  informat ion ex- 
change agency--a so-cal led  s o p h i s t i c a t e d  c l e a r i n g  house, i f  
you w i l l .  We want t o  c o l l e c t ,  s y n t h e s i z e ,  and d i s semina te  
informat ion t h a t  p e r t a i n s  t o  o u r  r e s e a r c h  i n t e r e s t s .  F i n a l l y  
we can,  e i t h e r  by o u r s e l v e s  o r  i n  c o l l a b o r a t i o n  wi th  o t h e r s ,  
h o s t  va r ious  i n t e r n a t i o n a l  conferences  d e a l i n g  wi th  s u b j e c t s  
r e l e v a n t  t o  o u r  program. 
Now l e t  me t u r n  t o  t h e  s u b j e c t  m a t t e r  of t h e  symposium. 
I t  is IIASA's i n t e n t i o n  t o  h o s t  n o t  a  s i n g l e  symposium, b u t  
a  s e r i e s  of symposia on g l o b a l  modell ing e f f o r t s .  I n  t h i s  
r e s p e c t  we a r e  f u l f i l l i n g  o u r  information-exchange agency r o l e ,  
i n  t h i s  case  through t h e  medium of convening i n t e r n a t i o n a l  
conferences .  We would o u r s e l v e s  l i k e  t o  c o n c e n t r a t e  on 
methodological  a s p e c t s  of such modell ing e f f o r t s .  We hope 
we can p lay  a  c o n s t r u c t i v e  r o l e  i n  he lp ing  t o  i d e n t i f y  c r i t i c a l  
methodological  a r e a s  where more b a s i c  r e s e a r c h  work is  needed. 
And we i n t e n d ,  i n  c o l l a b o r a t i o n  once aga in  wi th  o t h e r s  t o  
work on improving t h e  methodology of such l a r g e - s c a l e  model- 
l i n g  e f f o r t s  a s  t h i s  one. So we e n t e r  wi th  t h e  s p i r i t  of 
being a  f r i e n d l y  c r i t i c .  I know Eduard P e s t e l  and Mike 
Mesarovic understand t h i s  r o l e  t h a t  IIASA would l i k e  t o  p lay .  
We decided f o r  pure ly  pragmatic reasons  t o  s t a r t  wi th  t h e  
work of  Mesarovic-Pestel .  They were ready f o r  such an ex- 
change and Professor  P e s t e l  has  been an adv i so r  i n  IIASA's 
development. I n  no way whatsoever does IIASA by i t s  d e s i r e  
t o  h o s t  t h i s  p a r t i c u l a r  meeting a s s e r t  t h a t  we t h i n k  t h i s  
modell ing e f f o r t  i s  t h e  b e s t  one a v a i l a b l e ,  n o r d o  we a s  an  
i n s t i t u t i o n  n e c e s s a r i l y  endorse  any of t h e  conclus ions  of 
t h i s  modell ing p r o j e c t .  Our choice  of t h i s  p r o j e c t  does  n o t  
imply t h a t  IIASA t h i n k s  t h a t  t h e  modell ing o r  d a t a  c o l l e c t i o n  
techniques  used by t h e  Mesarovic-Pestel  t a s k  f o r c e s  a r e  appro- 
p r i a t e  o r  c o r r e c t .  In  o t h e r  words, we wish t o  s t r i k e  a  
n e u t r a l  pose i n  a l l  t h e s e  m a t t e r s .  We do a s s e r t ,  however, 
t h a t  we t h i n k  t h a t  t h e  problems addressed i n  t h e s e  symposia 
a r e  important  ones f o r  humanity, and we do hope t h a t  by such 
open and f r a n k  d i s c u s s i o n s  of t h e s e  methodological  i s s u e s  we 
c o l l e c t i v e l y  w i l l  become more s o p h i s t i c a t e d ,  more a c c u r a t e ,  
and more r e l e v a n t .  
A s  you undoubtedly know, t h e  Club of Rome has  played 
an imaginat ive ,  c o n s t r u c t i v e  r o l e  i n  p a r t i a l l y  suppor t ing  
s e v e r a l  g l o b a l  modell ing e f f o r t s ,  inc lud ing  t h e  p r e s e n t  work 
of Mesarovic-Pestel .  Although IIASA and t h e  Club of Rome 
a r e  q u i t e  d i s t i n c t  e n t i t i e s ,  we sha re  many a s p i r a t i o n s .  
Thank you f o r  a t t e n d i n g  t h i s  symposium. We look forward 
t o  your p a r t i c i p a t i o n .  
I n t r o d u c t i o n  and Overview of t h e  Symposium 
P r o f .  P e s t e l  exp res sed  h i s  t hanks  t o  P r o f .  R a i f f a  a s  
h o s t  f o r  t h e  confe rence .  IIASA played an impor t an t  r o l e  i n  
p r o v i d i n g  a  forum f o r  exchange of  i n f o r m a t i o n  on t h e  s c i e n t i f i c  
background t o  g l o b a l  model l ing  s t u d i e s .  E s s e n t i a l l y ,  t h e  
p r e s e n t  meet ing  would p rov ide  an  o p p o r t u n i t y  f o r  open d i s c u s -  
s i o n ,  n o t  on ly  of  t h e  c o n c l u s i o n s  s o  f a r  reached i n  t h e  pro-  
j e c t  b u t  on methodology. P r o f .  Mesarovic a l s o  thanked 
P r o f .  R a i f f a  and IIASA f o r  p rov id ing  t h e  means by which a  
v a l u a b l e  exchange of  views could  t a k e  p l a c e .  He emphasized 
t h a t  t h e  p r o j e c t  was concerned w i t h  s p e c i f i c  problems:  t h e  
model l ing  t e c h n i q u e s  were dependent  on t h e  s p e c i f i c  i s s u e s  
t r e a t e d  i n  t h e  p r o j e c t ,  i . e .  food and ene rgy ,  e t c .  
P r o f .  P e s t e l  t hen  p r e s e n t e d  h i s  pape r  on m o t i v a t i o n ,  
o b j e c t i v e s ,  and concep tua l  f o u n d a t i o n  of  t h e  p r o j e c t .  
Mot iva t ion ,  O b j e c t i v e s ,  and Conceptua l  Foundation 
M. Mesarovic and E .  P e s t e l  
I f  you--as I be l i eve - -ag ree  w i t h  me t h a t  h o n e s t ,  genu ine ,  
d e d i c a t e d  m o t i v a t i o n  i s  t h e  most i m p o r t a n t  p r e r e q u i s i t e  f o r  
do ing  a  good job ,  be  it i n  b u s i n e s s ,  a d m i n i s t r a t i o n ,  o r  r e -  
s e a r c h ,  t hen  you w i l l  f i n d  it a  n a t u r a l  beg inn ing  of  t h i s  
symposium i f  I t e l l  you f i r s t  what moved P r o f .  Mesarovic and 
myself t o  unde r t ake  t h e  q u i t e  demanding t a s k  of  deve lop ing  a  
new c o n s t r u c t  f o r  t h e  d e s c r i p t i o n  and s t u d y  of c e r t a i n  world- 
wide c r i t i c a l  r e l a t i o n s h i p s ,  a  new world model, a s  i t  i s  
somewhat improper ly  c a l l e d  by most peop le .  
F i r s t ,  t h e r e  i s  t h e  convic t ion--shared  by some h a l f  a  
dozen members of  t h e  Club of  Rome t h a t  m e t  i n  1969 i n  a n  
A u s t r i a n  mountain v i l l a g e  t o  s p e l l  o u t  t h e i r  concern  f o r  
f u t u r e  world development,  and t o  which I had t h e  honor o f  
be long ing  a l r e a d y  then-- the  c o n v i c t i o n  t h a t  t h e  world was 
beg inn ing  t o  f a c e  a  c l u s t e r  of  c r i s e s  o f  unprecedented  t y p e  
and magnitude t h a t  might  v e r y  w e l l  appea r  d u r i n g ,  s a y ,  t h e  
n e x t  f i f t y  y e a r s ,  i n  f a s t  s u c c e s s i o n ,  e s p e c i a l l y  i f  measured 
i n  h i s t o r i c a l  p e r s p e c t i v e .  
I t  i s  t h i s  c l u s t e r  o f  c r i s e s  which t h e  Club o f  Rome has  
c h a r a c t e r i z e d  a s  t h e  "world problemat ique"  i n  o r d e r  t o  draw 
a t t e n t i o n  t o  t h e  uniqueness  and magnitude of  t h e  problems 
i n v o l v e d ,  and t o  t h e  extreme d i f f i c u l t y  i n  unde r s t and ing  t h e  
e v o l v i n g  s i t u a t i o n ,  n o t  t o  mention f i n d i n g  a  remedy and means 
t o  avo id  d i s a s t e r .  What a r e  some pr imary  c h a r a c t e r i s t i c s  of  
t h e  world problemat ique  which set  it a p a r t  from e a r l i e r  e v e n t s  
i n  world h i s t o r y ?  
The problems a r e  g l o b a l :  f o r  some o f  them, a s ,  f o r  
example,  i n  t h e  c a s e  of  t h e  energy  c r i s i s ,  t h i s  i s  
q u i t e  obv ious .  For some o t h e r s ,  f o r  example, t h e  
t h r e a t  o f  s t a r v a t i o n  i n  p a r t i c u l a r  r e g i o n s ,  t h e  g l o b a l  
c h a r a c t e r  is  f e l t  t h rough  e i t h e r  s o c i o - p o l i t i c a l  o r  
economic in t e rdependence .  The g l o b a l  c h a r a c t e r  of 
t h e  problems makes them v e r y  d i f f i c u l t  t o  s o l v e  a t  
t h e  n a t i o n a l  and r e g i o n a l  l e v e l s  which more o f t e n  t h a n  
n o t  have c o n f l i c t i n g  concerns .  
2 )  The changes a r e  f e l t  th rough t h e  e n t i r e  s o c i e t y .  
Economic, t e c h n o l o g i c a l ,  env i ronmen ta l ,  s o c i o - p o l i t i c a l  
and many o t h e r  a s p e c t s  appear  t o  b e  i n t e r a c t i n g  i n  
such  a  way t h a t  what might  appear  a s  a  d e s i r a b l e  
s t r a t e g y  i n  one domain o n l y  makes t h e  s i t u a t i o n  
worse i n  o t h e r s .  I t  seems, a s  was o f t e n  s t a t e d ,  
t h a t  e v e r y t h i n g  is  r e l a t e d  w i t h  e v e r y t h i n g  e l s e .  
T h i s  h i n d e r s  t h e  s o l u t i o n  of  problems by t r a d i t i o n a l  
means des igned  s o l e l y  w i t h i n  one domain, i . e .  t e c h -  
nology,  economics,  envi ronment ,  e t c .  
3 )  There i s  a  c o n f l i c t  between s h o r t  and long  r ange  
a c t i o n s  and g o a l s .  A s h o r t  r ange  s o l u t i o n  o f t e n  
o n l y  compounds t h e  l ong  r ange  problem, making i t  
worse when it r e a p p e a r s  t h e  second t ime  around.  
4 )  There a r e  c o n s i d e r a b l e  d e l a y s  between t h e  t ime  when 
a  c o r r e c t i v e  a c t i o n  is  a p p l i e d  and t h a t  when i t s  
r emed ia l  a c t i o n  is  f e l t .  For  example,  a  s u c c e s s f u l  
p o p u l a t i o n  c o n t r o l  p o l i c y  aimed a t  a c h i e v i n g  an 
e q u i l i b r i u m  l e v e l  o f  p o p u l a t i o n  w i l l  t a k e  t h i r t y  t o  
f i f t y  y e a r s ,  and p o s s i b l y  more, u n t i l  such a  g o a l  
i s  r eached .  Delaying  t h e  a c t i o n  u n t i l  t h e  " l a s t  
minute"  w i l l  n u l l i f y  any b e n e f i c i a l  i n f l u e n c e  it might  
have had. 
5 )  T r a d i t i o n a l l y ,  c r i s e s  were  t h e  r e s u l t s  of  n e g a t i v e  
a c t i o n s  by man o r  n a t u r e .  The c u r r e n t  c r i s i s ,  i n  
c o n t r a s t ,  seems t o  b e  t h e  r e s u l t  o f  a c t i o n s  t r a d i -  
t i o n a l l y  c o n s i d e r e d  a s  most d e s i r a b l e ;  e . g .  t o  have 
a  l a r g e  f a m i l y ,  o r  t o  u s e  a s  much ene rgy  a s  p o s s i b l e  
t o  s a v e  human l a b o r ,  o r  t o  e x p l o i t  n a t u r e  t o  t h e  
u tmost  f o r  t h e  b e n e f i t  o f  man. The ad jus tmen t  w i l l  
have  t o  i n v o l v e  changes i n  t h e  b a s i c  v a l u e  sys tem 
t r a d i t i o n a l l y  c o n s i d e r e d  a s  s a c r o s a n c t .  
These a r e  c e r t a i n  e s s e n t i a l  a s p e c t s  o f  t h e  wor ld  prob- 
l ema t ique  a s  w e  s e e  i t ,  which l e d  11s from t h e  v e r y  beg inn ing  
o f  o u r  work t o  look  a t  t h e  wor ld  a s  a  whole,  and n o t  j u s t  a t  
n a t i o n a l  o r  r e g i o n a l  problems and c r i s e s  i n  i s o l a t e d  f a s h i o n .  
Next ,  l e t  me make a  few remarks a b o u t  t h e  h i s t o r y  of  o u r  
p r o j e c t ,  because  t h i s  l e a d s  up t o  o u r  second mot ive  f o r  under-  
talcing t h i s  c h a l l e n g i n g  e n t e r p r i s e .  
I n  1970 t h e  Club o f  Rome was i n  s e a r c h  of a  methodology,  
b o t h  p r a c t i c a l  and comprehensive,  which c o u l d  be  a p p l i e d  t o  
i t s  env i saged  g l o b a l  model l ing  p r o j e c t  on "The Predicament  o f  
Mankind." During t h a t  p r o c e s s  P r o f .  J. F o r r e s t e r  made a  
p r e s e n t a t i o n  of  h i s  i n d u s t r i a l  and urban  dynamics methodology 
t o  t h e  Club  o f  Rome a t  i ts  f i r s t  P l ena ry  Meet ing  i n  b e r n .  
Suppor t  was o b t a i n e d  from t h e  S t i f t u n g  Volkswagenwerk t o  
e n a b l e  hi.m t o  c a r r y  o u t  a  p r e l i m i n a r y  t e s t  p r o j e c t .  He 
developed t h e  f i r s t  wor ld  dynamics model i n  r a t h e r  a b s t r a c t  
te rms  and t h e n  e n t r u s t e d  i t s  f u r t h e r  r e f i n e m e n t  and documen- 
t a t i o n  t o  h i s  s t u d e n t  and a s s o c i a t e ,  D .  Meadows. T h i s  l e d  
u l t i m a t e l y  t o  t h e  development  o f  t h e  model World 3 which was 
p r e s e n t e d  f o r  a  r a t h e r  g e n e r a l  aud ience  i n  t h e  h i g h l y  suc-  
c e s s f u l  book L i m i t s  t o  Growth. 
When I f i r s t ,  s o  t o  s p e a k ,  i n s p e c t e d  t h e  Meadows p r o j e c t  
i n  e a r l y  1971,  h a l f  a  y e a r  a f t e r  it had g o t t o n  underway, 
i n  my c a p a c i t y  a s  a  member o f  t h e  Execu t ive  Committee of  t h e  
Club o f  Rome, I r e a l i z e d  w i t h  some d i sappo in tmen t  t h a t  t h e  
p r o j e c t ,  when completed,  would n o t  s a t i s f y  t h e  o b j e c t i v e s  
o f  a  world model l ing  p r o j e c t  a s  envisaged  i n i t i a l l y  by t h e  
Club o f  Rome. T h i s  was due n o t  t o  any l a c k  o f  e f f o r t  on 
t h e  p a r t  o f  t h e  p a r t i c i p a t i n g  r e s e a r c h e r s ,  b u t  r a t h e r  t o  t h e  
i n h e r e n t  shor tcomings  of  t h e  me thodo log ica l  approach .  Now, 
w h i l e  I was a t  MIT, it happened t h a t  P r o f .  Mesarovic  gave  
an i n t r o d u c t o r y  l e c t u r e  o f  t h e  m u l t i l e v e l ,  h i e r a r c h i c a l  ap- 
p roach  t o  t h e  a n a l y s i s  and c o n t r o l  o f  l a r g e  s c a l e  complex 
sys tems t h a t  he  had developed a t  t h e  Systems Research Cen te r  
of  Case Western Reserve  U n i v e r s i t y  d u r i n g  t h e  p a s t  t e n  y e a r s .  
Here,  f o r  t h e  f i r s t  t ime ,  I became a c q u a i n t e d  w i t h  t h i s  
t h e o r y ,  which is d e s c r i b e d  i n  h i s  book Theory of  Mul t i -  
Leve l  H i e r a r c h i c a l  Systems and has  f u r t h e r  been developed  
i n  h i s  for thcoming book Gene ra l  Systems Theory. I t  was 
q u i t e  a p p a r e n t  t o  me t h a t  t h i s  was a  much more s o p h i s t i c a t e d  
approach  t h a t  would have a  b e t t e r  chance t o  r e a c h  t h e  g o a l s  
which t h e  Club o f  Rome had s e t  i t s e l f  when it conceived  i t s  
major  p r o j e c t ,  e n t i t l e d  "The Predicament  o f   ank kind." Hence, 
on  t h e  s p o t ,  P r o f .  Mesarovic and I des igned  and i n i t i a t e d  
t h e  f i r s t  s t a g e s  of  what l a t e r  became a  r a t h e r  s i z e a b l e  pro-  
j e c t  which was t h e n  a l s o  suppor t ed  by t h e  W Foundat ion .  
Obvious ly ,  t h i s  was t o  be  a  much more a m b i t i o u s  a t t e m p t  t han  
t h e  Forrester-Meadows s t u d y ,  and a t  t h i s  symposium we s h a l l  
p u b l i c l y  d e s c r i b e  o u r  f i n d i n g s  s o  f a r  f o r  t h e  f i r s t  t i m e  and 
i n  f u l l .  
Our p r e s e n t a t i o n  w i l l  p r o v i d e  enough m a t e r i a l  t o  s u p p o r t  
t h i s  c o n t e n t i o n .  Here l e t  me i l l u s t r a t e  o n l y  what d i f f e r e n c e  
it makes i n  te rms  of t h e  e s s e n t i a l  t h e s e s  which embody t h e  
c o n c l u s i o n s ,  t h e  r e s u l t s  o f  a n a l y s i s ,  and t h e  s t r a t e g y  f o r  
remedy o f  t h e  world s i t u a t i o n ,  u s i n g  on t h e  one  hand t h e  in-  
d u s t r i a l - u r b a n  dynamics methodology o f  F o r r e s t e r ,  and t h e  
m u l t i l e v e l ,  h i e r a r c h i c a l  sys tems methodology i n  o u r  p r o j e c t ,  
on t h e  o t h e r .  
The Forrester-Meadows t h e s e s  r e g a r d i n g  t h e  world problema- 
t i q u e  can  rough ly  be  summarized a s  f o l l o w s :  
Forrester-Meadows Theses 
a )  The wor ld  c a n  be  viewed a s  one  sys tem.  
b )  The sys tem w i l l  c o l l a p s e  sometime i n  t h e  middle  of  
t h e  n e x t  c e n t u r y .  
C )  TO p r e v e n t  c o l l a p s e  an  immediate slowdown o f  economic 
growth must be  i n i t i a t e d ,  l e a d i n g  t o  no growth i n  a  
r e l a t i v e l y  s h o r t  p e r i o d  of t ime .  
F o r  t h e  s a k e  o f  c o n t r a s t ,  t h e  r e s u l t s  of  t h e  a n a l y s i s  i n  
o u r  p r o j e c t  c a n  be p r e s e n t e d  i n  t h e  f o l l o w i n g  form: 
Our T h e s e s  
1) The w o r l d  c a n  b e  viewed o n l y  i n  r e f e r e n c e  t o  t h e  
p r e v a i l i n g  d i f f e r e n c e s  i n  c u l t u r e ,  t r a d i t i o n ,  and 
economic deve lopment .  The w o r l d  c a n  b e  viewed a s  
a  s y s t e m  o n l y  i n  t e r m s  o f  i n t e r a c t i n g  r e g i o n s :  a  
m o ? o l i t h i c  view o f  s u c h  a  sys tem i s  m i s l e a d i n g .  
2 )  R a t h e r  t h a n  c o l l a p s e  o f  t h e  w o r l d  s y s t e m  a s  s u c h ,  
c a t a s t r o p h i e s  o r  c o l l a p s e s  on a  r e g i o n a l  l e v e l  
would o c c u r  p o s s i b l y  e v e n  l o n g  b e f o r e  t h e  m i d d l e  o f  
t h e  n e x t  c e n t u r y ,  b u t  i n  d i f f e r n t  r e g i o n s ,  f o r  
d i f f e r e n t  r e a s o n s ,  and a t  d i f f e r e n t  t i m e s .  S i n c e  
t h e  w o r l d  i s  a  s y s t e m ,  s u c h  c a t a s t r o p h i e s  w i l l  b e  
f e l t  p r o f o u n d l y  t h r o u g h o u t  t h e  e n t i r e  w o r l d .  Causes  
f o r  s u c h  p o t e n t i a l  c a t a s t r o p h i e s  a r e  t h e  p o p u l a t i o n ,  
f o o d ,  and economic r e l a t i o n s h i p s  i n  A f r i c a  and 
S o u t h  A s i a ;  e n e r g y  and raw m a t e r i a l  s c a r c i t y  and p r o -  
d u c t i o n  g rowth  i n  t h e  d e v e l o p e d  w o r l d ;  employment 
and population r e l a t i o n s h i p s  i n  L a t i n  Amer ica ,  e tc .  
3 )  The s o l u t i o n  t o  s u c h  c a t a s t r o p h i e s  o f  t h e  w o r l d  
s y s t e m  is  p o s s i b l e  o n l y  i n  t h e  g l o b a l  c o n t e x t  and 
by  a p p r o p r i a t e  g l o b a l  a c t i o n s .  I f  t h e  framework f o r  
s u c h  j o i n t  a c t i o n  i.s n o t  d e v e l o p e d ,  none of  t h e  
r e g i o n s  w i l l  b e  ab1.e t o  a v o i d  t h e  c o n s e q u e n c e s .  
F o r  e a c h  r e g i o n ,  i t s  t u r n  w i l l  come i n  d u e  t i m e .  
4 )  Such a  g l o b a l  s o l u t i o n  c o u l d  b e  implemented o n l y  
t h r o u g h  s e l e c t i v e  and  b a l a n c e d  g r o w t h ,  n o t  u n i f o r m ,  
b u t  g r e a t l y  d i f f e r e n t i a t e d  t h r o u g h o u t  t h e  w o r l d .  
From t h e  v i e w p o i n t  o f  t h e  t o t a l  w o r l d  s y s t e m  t h i s  
means g rowth  ar la logous t o  o r g a n i c  g r o w t h  r a t h e r  t h a n  
u n d i f f e r e n t i a t e d  g rowth .  I t  is i r r e f u t a b l e  t h a t  t h e  
s e c o n d  t.ype o f  g rowth  is c a n c e r o u s  and  would u l t i m a t e l y  
b e  f a t a l .  
5 )  The d e l a y s  i n  d e v i s i n g  s u c h  g l o b a l  s t r a t e g i e s  a r e  
n o t  o n l y  d e t r i m e n t a l  and  c o s t l y ,  b u t  d e a d l y .  I t  i s  
i n  t h i s  s e n s e  t h a t  w e  a r e  t r u l y  t a l l c i n g  a b o u t  a  
" s t r a t e g y  f o r  s u r v i v a l . "  
With t h e s e  t h e s e s  i n  mind,  P r o f .  Mesarov ic  and I t h e n  
f o r m u l a t e d  t h e  f o l l o w i n g  kdo b a s i c  c b l e c t i v e s  i n  o u r  p r o j e c t :  
a )  t o  d e v e l o p  a  s y s t e m ' s  r e p r e s e n t a t i o n  o f  t h e  w o r l d  
deve lopment  p r o c e s s  t h a t  c a n  p r o v i d e  u s  w i t h  a n  i n s i g h t  
i n t o  t h e  c a u s e s  and e f f e c t s  w i t h i n  such  a  sys t em,  
and subsequen t ly  a l l o w  u s  an a s se s smen t  of a l t e r n a -  
t i v e  sequences  o f  e v e n t s  t h a t  might  t a k e  p l a c e  i n  
t h e  f u t u r e  ; and 
b )  t o  deve lop  a  p l ann ing  and d e c i s i o n - a i d i n g  t o o l  t h a t  
can be used  f o r  t h e  e v a l u a t i o n  o f  a l t e r n a t i v e  p o l i -  
c i e s  and b e  a p p l i e d  i n  p r a c t i c e  when s e a r c h i n g  f o r  
s o l u t i o n s  o f  v a r i o u s  problems i n v o l v e d  i n  t h e  prob- 
l ema t ique .  
Both t h e s e  o b j e c t i v e s  r e q u i r e  a  computer-based model o f  t h e  
sys t em invo lved .  T h i s  i s  no mean t a s k  and we s h a l l  have  
q u i t e  a  b i t  t o  s a y  a s  t o  t h e  methodology,  a s sumpt ions ,  d a t a ,  
and o t h e r  a s p e c t s  o f  t h e  model -bui ld ing  p r o c e s s .  
What a r e  t h e  g o a l s  we want t o  accompl ish  w i t h  o u r  pro- 
j e c t ?  They a r e  a g a i n  twofo ld .  The f i r s t  g o a l  i s  a c t i o n -  
o r i e n t e d .  We a r e  convinced  o f  t h e  r e a l i t y  and g r a v i t y  of  
t h e  c r i s i s  c o n d i t i o n s  enve lop ing  t h e  wor ld  sys tem,  a s  w e l l  
a s  of t h e  urgency o f  s e a r c h i n g  f o r  s o l u t i o n s  and indeed  
a p p l y i n g  them. Having t h i s  c o n v i c t i o n ,  i t  is o u r  r e s p o n s i -  
b i l i t y  t o  do  o u r  p a r t  i n  i n i t i a t i n g  such  a  p r o c e s s .  A s  a  
m a t t e r  o f  f a c t ,  we hope t h a t  t h e  computer-based p l ann ing  and 
d e c i s i o n - a i d i n g  t o o l  deve loped  w i t h i n  o u r  p r o j e c t  w i l l  be  
a c t u a l l y  used  and t h e r e b y  i n f l u e n c e  f u t u r e  developments .  I n  
t h i s  r e s p e c t  o u r  p r o j e c t  i s  n o t  an  academic e x e r c i s e  b u t  an  
a c t i v i s t ' s  r e sponse  t o  conce rn .  The u l t i m a t e  s u c c e s s  w i l l  
have t o  b e  measured by t h e  i n f l u e n c e  and t h e  consequences  
t h e  p r o j e c t  w i l l  have i n  p r a c t i c e .  The second g o a l  i s  academic.  
We do  n o t  s h a r e  t h e  p r e v a i l i n g  cyn ic i sm r e g a r d i n g  r e s p o n s i -  
b l e  p o l i c y -  and dec is ion-makers .  Of c o u r s e ,  t h e y  a c t  t o o  
o f t e n  i n  t h e i r  own i n t e r e s t  and w i t h  t h e  t ime h o r i z o n  f o r  
which t h e y  a r e  e l e c t e d  o r  a p p o i n t e d .  But- it is a l s o  t r u e  t h a t  
t h e y  a r e  n o t  be ing  h e l p e d  t o  any wor thwhi le  e x t e n t  by t h e  
academic community t o  p l a n  and a c t  o t h e r w i s e .  Indeed ,  it 
might  be  a rgued  t h a t  by and l a r g e  t h e  dec is ion-makers  a r e  
pe rhaps  more aware o f  t h e  p rob lema t ique  t h a n  t h e  f a m i l y  of  
s c i e n t i s t s .  There  a r e  p o s s i b l y  two r e a s o n s  f o r  t h i s :  
(1) The academic conce rns  r e v o l v e  around academic d i s c i p l i n e s .  
Yet t h e  r e a l  wor ld ,  p a r t i c u l a r l y  under  c r i s i s  c o n d i t i o n s ,  
i s  n o t  d i v i d e d  i n t o  n i c e  compartments  a s  o u r  u n i v e r s i t i e s  
a r e .  ( 2 )  The r e s e a r c h  i n  academic d i s c i p l i n e s  is  by t r a d i -  
t i o n  a n a l y t i c  and o r i e n t e d  toward t h e  p a s t .  The wor ld  prob- 
l e m a t i q u e ,  however, r e q u i r e s  a n  o r i e n t a t i o n  toward t h e  f u t u r e  
and indeed  o v e r  a  r a t h e r  l ong  t ime h o r i z o n .  I t  i s  s u r e l y  n o t  
t o  be  d e n i e d  t h a t  t h e  f u t u r e  i s  c o n d i t i o n e d  by t h e  p a s t ,  by 
h i s t o r i c a l  p a t t e r n s  o f  development .  However, it must b e  ex- 
p e c t e d  t o  be  a l s o  fundamen ta l ly  d i f f e r e n t ,  and i ts  a n a l y s i s  
r e q u i r e s  a  d i f f e r e n t  men ta l  a t t i t u d e  and a  d i f f e r e n t  metho- 
d o l o g i c a l  approach  t h a n  i s  a p p l i e d  t o  t h e  c l a s s i c a l  s c i e n t i f i c  
domains. Future  even t s  w i l l  t a k e  p lace  under cond i t ions  
fundamentally d i f f e r e n t  from t h e  p a s t ,  whose t e x t u r e  i s  
f a r  more interwoven than ever  be fo re .  I t  i s  t h e r e f o r e  neces- 
s a r y  t o  develop a  b a s i s  f o r  such resea rch  on an i n t e r d i s c i -  
p l i n a r y  b a s i s ;  and it i s  our  second g o a l ,  hy developing a  
s o l i d  foundat ion f o r  t h e  s tudy  of f u t u r e  development pro- 
c e s s e s ,  t o  enable  t h e  mobi l i za t ion  of many good minds i n  
academia no t  only  f o r  a  b e t t e r  unders tanding of these  
problems--possibly t h e  most cha l l eng ing  i n  our era--but a l s o  
f o r  a  s a l u t o r y  engagement i n  t h e  sea rch  f o r  s o l u t i o n s .  I 
might add he re :  I t  seems t h a t  t h e  g r e a t  tu rnou t  f o r  t h i s  
conference  o f f e r s  proof t h a t  t h i s  second g o a l  is  a l r e a d y  
being approached. 
When developing a  model f o r  a  r e a l - l i f e  system one does 
not  d e s c r i b e  a l l  t h e  r e l a t i o n s h i p s  t h a t  a c t u a l l y  e x i s t .  I n  
p r i n c i p l e ,  t h e r e  would be no end t o  such a  process .  Rather ,  
one c o n s i d e r s  only  those  r e l a t i o n s h i p s  which seem t o  be r e l e -  
van t  f o r  a  c e r t a i n  o b j e c t i v e ,  i . e .  f o r  a c e r t a i n  i s s u e  o r  
problem of i n t e r e s t .  The v a l i d i t y  of  t h e  model and t h e  
u s e f u l n e s s  of t h e  a n a l y s i s  based on such a  model depend on 
how jud ic ious ly  one s e l e c t s  t h e  r e l e v a n t  r e l a t i o n s h i p s .  In 
t h e  c a s e  of t h e  world system we a r e  i n t e r e s t e d  i n  a  very  
long term development, e . g .  i n  t h e  o r d e r  of f i f t y  y e a r s ,  
and t h e  r e l a  t ionship:;  selected-,--econimic,  s o c i a l ,  technologi-  
c a l ,  e c o l o g i c a l ,  e t c . - - r e f l e c t  t h a t  f a c t .  So it i s  not  a  
"model of t h e  world" t h a t  we a r e  c o n s t r u c t i n g  b u t  r a t h e r  a  
  nod el of  c e r t a i n  world-wide r e l a t i o n s h i p s  of importance 
f o r  t h e  assessment of a l t e r n a t i v e  long term t r e n d s  i n  g loba l  
devel-opment . 
The key problems i n  developing a  model of t h e  world 
system a r e  complexity and u n c e r t a i n t y .  Complexity r e s u l t s  
from t h e  enormovs number of v a r i a b l e s  and r e l a t i o n s h i p s  
involved and t h e  d i f f e r e n t  ways i n  which t h e  t o t a l  system 
can be viewed. Uncer ta in ty  i s  t h e  r e s u l t  of our  ignorance 
of c c r t a i n  a s p e c t s  of t h e  system, of t h e  e s s e n t i a l  unpre- 
d i c t a ] - ~ i l i t y  of even t s  i n  t h e  f u t u r e ,  and of t h e  s u b j e c t i v e  
f a c t o r s  involved i n  va lue  judgments, p o l i t i c a l  a c t i o n s  and 
t h e  l i k e  t h a t  a f f e c t  o r  a r e  p a r t  of t h e  system. Success 
i n  developing a  model f o r  a l a r g e  s c a l e  system depends on 
how w e l l  t h e s e  two problems--complexity and uncer ta in ty - -a re  
handled. 
The complexity of t h e  world system appears  i n  two ways: 
(1) by t h e  number of i t s  c o n s t i t u e n t  p a r t s ,  i . e .  c o u n t r i e s ;  
( 2 )  by t h e  i n t e r a c t i o n  of a  d i v e r s i t y  of f a c t o r s  t h a t  must 
be taken i n t o  account ,  and t h a t  a r e  t r a d i t i o n a l l y  considered 
i n  s e p a r a t e  and u n r e l a t e d  domains of human knowledge, i . e .  
s c i e n t i f i c  d i s c i p l i n e s  such a s  economics, demography, ecology,  
technnlogy,  s o c i a l  and p o l i t i c a l  s c i e n c e ,  e t c .  
Regard ing  t h e  c o n s t i t u e n t  p a r t s  o f  t h e  w o r l d  s y s t e m  it 
i s  e s s e n t i a l  t o  r e c o g n i z e  t h a t  t h e  p r e s e n t  s y s t e m  is  a t  
t h e  same t i m e  onz and many. I t  i s  o n e  b e c a u s e  o f  t h e  e v e r -  
i n c r e a s i n g  i n t e r a c t i o n s  betwee.1 i t s - - v z r i o u s  components ,  and 
it is many b e c a u s e  e a c h  o f  its q e o p o l i t i c a l  c o n s t i t u e n t s  
h a s  h a d  d i f f e r e n t  p a s t ,  h a s  a d i t E e r e n t  p r e s e n t ,  and w i l l  
have  a  d i f f e r e n t  f u t u r e .  R e c o g n i t i o n  o f  b o t h  o f  t h e s e  s i d e s  
i s  a  s i n e  qua  non f o r  a  w o r l d  model i f  it i s  t o  b e  accep1:ed 
a s  a  c r e d i b l e  r e p r e s e n t a t i o n  o f  r e a l i t y .  We have  s o l v e d  t h a t  
p rob lem by r e p r e s e n t i n g  t h e  w o r l d  s y s t e m  i n  t e r m s  o f  t e n  
m u t u a l l y  i n t e r a c t i n g  and i n t e r d e p e n d e n t  r e q i o n s .  
The s e l e c t i o n  o f  t h e  r e g i o n s  is  made i n  r e f e r e n c e  t o  
s h a r e d  t r a d i t i o n s ,  h i s t o r y  and s t y l e  o f  l i f e ,  s t a g e  o f  economic 
d e v e l o p m e n t ,  s 0 c j . o - p o l i t i c a l  a r r a n g e m e n t s  a s   determinant.^ of  
economic and p o l i t i c a l  manayen:i?nt, and commonal i ty  o f  t h e  
m a j o r  p rob lems  t o  b e  e n c o u n t e r e a  i n  t h e  f u t u r ~ .  Our model 
d o e s  n o t  p r e s u p p o s e  any f o r m a l  o r  i n f o r m a l  r e g i o n a l  s u p r a -  
~ d t i o n ~ ~ l  a r r a n g e m e n t s ,  a 1  though we believe t h a t  some s u c h  
arl-angemerits will b e  ~\c+c!-.ss,~.;:y f o r  a  b a l a ~ ; c e d  deve lopment  of 
t h e  w o r l d .  
The s e c o n d  a s l - e c t  o f  t h e  c o m p l e x i t y  o f  t h e  w o r l d  syst-em 
I.s a p p r o a c h e d  by ;I mcthodoloc:;r w e  c a l l  " s t r a t i f i c a t i o n . "  
I t  i n v o l v e s  two s t e p s .  I n  t h e  f i r s t  s t e p  o n e  d e s c r i b e s  a  
g i v e n  s y s t e m  u s i n g  d i f f e r e n t  s c i e n t i f i c  d i s c i p l i n e s  and 
t h u s  d e r i v e s  a p p r o p r i a t e  mode ls  o f  t h e  s y s t e m  c o n s i s t e n t  
w i t h  t h e  l aws  and  p r . i n c i p 1 . e ~  of  t h e  g i v e n  d i s c i p l i n e s ;  i n  
o u r  c a s e ,  we c o n s i d e r  a  g i v e n  r e g i o n  and d e s c r i b e  it i n  
t e r m s  o f  economics ,  p o p u l a t i o n  c h a n g e ,  e c o l o g y ,  t e c h n o l o g i c a l  
t r a n s f o r m a t i o n s  i n d u c e d  by man, e tc .  I n  t h e  s e c o n d  s t e p  a l l  
t h e s e  mode ls  ( w h i c h ,  a g a i n ,  r e f e r  t o  o n e  and t h e  same s y s t e m  
i n  s p a c e  and t i m e ,  b u t  viewed from a  d i f f e r e n t  a n g l e )  a r e  
a r r a n g e d  i n  a h i e r a r c h i c a l  s t r u c t u r e  s o  a s  t o  fo rm t h e  t o t a l  
s y s t e m  model .  Each o f  t h e  mode ls  o r  r a t h e r  submodels  is  
c o n s i d e r e d  a s  b e i n g  on a  d i f f e r e n t  l e v e l  i n  t.he h i e r a r c h y ,  
r e f e r r e d  t o  a s  s t r a t u m ,  21:tl t.119 ;.~ilole p r o c e d u r e  o f  d e s c r i b i n g  
a  l a r g e  s y s t e m  i n  kl1i.s wab. i s  t;.rlned s t r a ~ i f - c a t j . r . ~ n .  
The t y p e  of represer;i:;il-i.on u s e d  f o r  t h e  p r o r e s s e s  o n  
d i f f e r e n t  ' e v e l s  depends o : ~  t h e  s c i e n t i f i c  lrnowledge and  d a t a  
a v a i l a b l e ,  dlld u l t i m a t c l . y  oil  t h e  r~at.u:rbz o f  t h e  p i rocesses  i n -  
v o l v e d .  ?.egardii?ij I..!-.e ! a t t e r  w e  recogni -ze  two t y p e s  of 
s y s t e m s  r e p r e s e n t a t i o n :  c a u s a l ,  i n  which t h e  s y s t e m  is  de-  
s c r i h c d  j.n t e r m s  of c;ilise-e-~Zc?c t r e l . a t i o n s h i p s ,  i . e .  i n  a  
p a s s i v e  i ~ ! a i ~ n e r ,  and qua  1--secil<i;lg, j.n wl i i c :~  t h e  s y s t e m  i s  
r e p r e s e n t e d  i n  r e f e r e n c e  t o  c e r t a i n  o b j e c t i v e s  o r  g o a l s  
and t h e  ways i t  r e s p o r d s  t o  tl;e changir ig  e n v i r o n m e n t  t o  
p r e s e r v e  t!-il..i;e g o a l s .  The l o w e r  s t r a t a  a r e  r e p r e s e n t e d  i n  
g e n e r a l  as c a u s a l  whi 1.e t;he h i g h e r  a r e  r e p r e s e n t e d  a.s g o a l -  
s e e k i n g .  The c a u s a ?  s t r~i t<7 car  b e  r ~ p r e s e n t e d ,  a t  l e a s t  
i n  p r i n c i p l - e ,  by a  compute r  mode l ,  d e p e n d i n g  an  t h e  d a t a  
and  in for rca t io r i  a v a ? . l a b l e .  For  t h e  r e p r e s e n t - a  t i o n  o f  a  g o a l - s e e k i n (  
model we u s e ,  i n  g e n e r a l ,  a  man-computer combina t ion  i n  o r -  
d e r  t o  be  a b l e  t o  r e f l e c t  t h e  u n c e r t a i n t y  and a d a p t i v i t y  
i nvo lved  i n  human judgment and behav io r  and i n  i t s  v a l u e  
b a s e .  I n  such  a  combina t ion ,  t h e  q u a n t i t a t i v e  and l o g i c a l  
a s p e c t s  of  t h e  g o a l s  a s  w e l l  a s  t h e  o p t i o n s  from which a  
r e s p o n s e  has  t o  be  s e l e c t e d  a r e  r e p r e s e n t e d  on  t h e  computer;  
t h e  a c t u a l  s e l e c t i o n  i s  being  made by man who, th rough h i s  
c h o i c e ,  r e f l e c t s  h i s  own judgment of  t h e  s i t u a t i o n .  
The problem of  u n c e r t a i n t y  we approach  s i m i l a r l y  through 
a  man-machine combina t ion .  The computer model ,  a f t e r  i t s  
c o n s t r u c t i o n ,  i s  a n  open model i n  t h e  s e n s e  t h a t  t h e r e  i s  
a  s e t  o f  pa rame te r s  o r  i n p u t s  t h a t  a r e  n o t ,  o r  a t  l e a s t  n o t  
f u l l y ,  s p e c i f i e d  b u t  r a t h e r  o n l y  i n  te rms  of  a  r ange  i n  
which t h e y  must l i e .  The model c a n n o t  " run"  w i t h o u t  t h e s e  
pa rame te r s  be ing  s p e c i f i e d ;  it t h e r e f o r e  i s  n o t  " c l o s e d "  
and c a n n o t  " p r e d i c t "  t h e  f u t u r e  by i t s e l f .  I t  needs t h e  
h e l p  of  man, who through t h e  s e l e c t i o n  o f  t h e  u n s p e c i f i e d  
pa rame te r s  r e f l e c t s  a  view a s  t o  t h e  outcome of  t h e  uncer -  
t a i n t i e s .  
Two p r o c e s s e s  a r e  used i n  such  a  c h o i c e  p rocedure ,  
s c e n a r i o  a n a l y s i s  and i n t e r a c t i v e  mode a n a l y s i s .  I n  t h e  
s c e n a r i o  a n a l y s i s ,  one p o s t u l a t e s  a  sequence  of  p l a u s i b l e  
e v e n t s  which de t e rmine  t h e  c h o i c e s  t o  be  made which a r e  t h e n  
a p p l i e d  t o  t h e  c a u s a l  p a r t  o f  t h e  model ,  and hence  t h e  
e v o l u t i o n  of  t h e  sys tem i n  t ime i s  d e s c r i b e d  and ana lyzed .  
I f  t h e  u n c e r t a i n t y  p r e v a i l s ,  one  t r i e s  a  whole s e t  o f  
s c e n a r i o s .  
A s  an  example,  assume t h a t  one would l i k e  t o  i n v e s t i g a t e  
t h e  p r o s p e c t s  f o r  economic development  of  a r e g i o n  ove r  t h e  
n e x t  twenty y e a r s  and i s  g iven  a s  a  s c e n a r i o  v a r i a b l e  t h e  
s a v i n g s  a s  a  r a t i o  of  t h e  t o t a l  n a t i o n a l  income which can  
be  u sed  f o r  i nves tmen t .  Although t h e  changes of t h e  s a v i n g s  
r a t i o  o v e r  a  p a s t  p e r i o d  i s  v e r y  h e l p f u l  i n  d e c i d i n g  on t h e  
v~1~1.ues o f  t h e  r a t i o  f o r  t h e  f u t u r e ,  t h e  c h o i c e  u l t i m a t e l y  
depends on t h e  r e g i o n a l  s o c i o - p o l i t i c a l  c o n d i t i o n s  and o n e ' s  
own a s se s smen t  of what k ind  of change w i l l  p r e v a i l  o v e r  t h e  
ful-ure t ime p e r i o d  of concern .  Such a  s e l e c t e d  change of  
s a v i n g s  r a t i o  i s  a p p l i e d  t o  t h e  model and t h e  e f f e c t  o f  such  
a  c h o i c e  on t h e  f u t u r e  developemnt i s  obse rved .  The l i k e l i h o o d  
of such  a  development  t a k i n g  p l a c e  depends upon t h e  l i k e l i h o o d  
of o c c u r r e n c e  o f  t h e  s e l e c t e d  i n p u t .  I n  o r d e r  t o  a r r i v e  
a t  a  more d e f i n i t e  c o n c l u s i o n  one  t r i e s  i n  g e n e r a l  a n  e n t i r e  
spec t rum o f  a l t e r n a t i v e  s c e n a r i o s .  I f  t h e  a n a l y s i s  of t h e  
computer r u n s  f o r  a l l  o f  them l e a d s  t o  e s s e n t i a l l y  t h e  same 
c o n c l u s i o n ,  such  a n  e v e n t  cou ld  be expec t ed  w i t h  a  h i g h e r  
d e g r e e  of c e r t a i n t y ,  e . g .  i f  t h e  c a p i t a l  t r a n s f e r  t o  c e r t a i n  
d e v e l o p i n g  r e g i o n s  i s  k e p t  below c e r t a i n  l e v e l s ,  such  t h a t  
t h e y  c a n n o t  r e a c h  t h e  economic t ake -o f f  p o i n t  f o r  a  whole 
s e t  of a l t e r n a t i v e  r e g i o n a l  development p o l i c i e s ,  then t h e  
n e c e s s i t y  f o r  t r a n s f e r  of investment a t  l e a s t  above a  g iven 
l e v e l  i s  i n f e r r e d .  
I n  t h e  second type of  ana lys i s - - the  " i n t e r a c t i v e  moden-- 
t h e  i n p u t s  t o  t h e  c a u s a l  p a r t  of  t h e  model a r e  n o t  f u l l y  
s p e c i f i e d  f o r  t h e  e n t i r e  pe r iod  of  t ime,  b u t  r a t h e r ,  i n  
increments;  a f t e r  an incrementa l  i n p u t  i s  app l i ed  t o  t h e  
computer model t h e  nex t  increment i s  a p p l i e d  only  a f t e r  t h e  
response  of t h e  system t o  t h e  e a r l i e r  i n p u t  i s  eva lua ted .  
The p o l i c y  a n a l y s t s ,  decision-makers ( o r  members of any s t a f f  
p a r t i c i p a t i n g  i n  t h e  p lanning o r  decision-making p rocess )  
analyze  t h e  outcome of applying an increment of t h e  i n p u t  
and s p e c i f y  t h e  nex t  increment on t h e  b a s i s  of  t h e  response 
of t h e  system and t h e  d e s i r e d  d i r e c t i o n  of  development. The 
i n t e r a c t o r ,  who observes  t h e  evo lu t ion  of t h e  model through 
t ime and s p e c i f i e s  t h e  incrementa l  i n p u t s  when needed, 
becomes a c t u a l l y  p a r t  of t h e  model; i . e .  t h e  t o t a l  model i s  
a  man-machine symbiosis  i n  which man provides  judgment and 
va lue  assessments and t h e  computer provides  l o g i c a l  and 
numerical  opera t ion .  
I n  conclus ion,  s e v e r a l  remarks regardin?  t h e  p a r t i c u l a r  
view of t h e  world should be mentioned: 
a )  The d i f f e r e n c e  between t h e  methodology used he re  
and p r e v a i l i n g  techniques  used i n  o t h e r  types  of 
modell ing by computer should  be n o t i c e d  (e .9 .  
systems dynamics, l i n e a r  programming, e t c . ) .  Our 
approach is n o t  based only on a  numerical  repre-  
s e n t a t i o n  of t h e  system nor only  on an op t imiza t ion  
a lgor i thm f o r  narrowly de f ined  c r i t e r i a .  Rather ,  
it inc ludes  q u a l i t a t i v e  and logic- type r e l a t i o n s h i p s  
whenever a p p r o p r i a t e ,  and a l s o  r e l i e s  on t h e  
h e u r i s t i c  approach t o  decision-making, involved i n  
a  manner c o n s i s t e n t  wi th  i n s t i t u t i o n a l  and t ime 
c o n s t r a i n t s .  
b )  The c o n s t r u c t i o n  which we have developed could be 
more a p p r o p r i a t e l y  c a l l e d  a  p lanning and dec i s ion-  
a i d i n g  t o o l  f o r  p o l i c y  a n a l y s i s ,  r a t h e r  than a  
computer model i n  t h e  t r a d i t i o n a l  sense ,  though a  
model is p a r t  of t h e  c o n s t r u c t i o n  of  t h e  t o o l  t o  
be s u r e .  However, i t  i s  n o t  a  " p r e d i c t o r "  b u t  
r a t h e r  an ex tens ion  of o n e ' s  l o g i c  and an 
implementor of o n e ' s  v i s i o n  of  t h e  f u t u r e .  
C )  I t  i s  o f t e n  s t a t e d  i n  r e f e r e n c e  t o  t h e  p r e s e n t  
energy o r  environmental  c r i s e s  t h a t  it looks a s  
though "everything degends on every th ing  e l s e , "  
and fu r the rmore  t h a t  i t  i s  a  consequence o f  
t h e  complex i ty  of  t h e  sys tem t h a t  it is  " c o u n t e r -  
i n t u i t i v e . "  From t h e  v i ewpo in t  of  s t r a t i f i e d  
sys t ems ,  however, i t  i s  n o t  t h e  complexi ty  of  
t h e  sys tem which makes it " c o u n t e r i n t u i t i v e , "  
i . e .  h a r d  t o  comprehend, and makes i t  a l s o  t i g h t l y  
coup led ,  forming a  "mess" h a r d  t o  c o n t r o l ;  r a t h e r ,  
such  a  s t a t e  o f  a f f a i r s  i s  a  s i g n  t h a t  t h e  sys tem 
i s  i n  d i s o r d e r ,  i n  a  c r i s i s .  Under normal circum- 
s t a n c e s  t h e  s t r a t a  i n  a  h i e r a r c h i c a l  sys tem a r e ,  
by and l a r g e ,  i ndependen t  and remain s o ,  a s  l ong  
a s  t h e  behav io r  o f  each  i s  s a t i s f a c t o r y .  Under 
c r i s i s  c o n d i t i o n s ,  however, when v a r i o u s  s t r a t a  
canno t  cope w i t h  t h e  changes  i n  t h e i r  envi ronment  
t h e y  merge i n t o  one ,  w i t h  t h e  r e s u l t  o f  e v e r y t h i n g  
becoming dependent  on e v e r y t h i n g  e l s e  and t h e  t o t a l  
sys tem becoming c o u n t e r i n t u i t i v e .  I t  i s  o n l y  
because  of  such  r e l a t i v e  independence  between s t r a t a  
under  normal c o n d i t i o n s  t h a t  t h e  wor ld  a p p e a r s  
comprehens ib le .  How else would p r o g r e s s  o v e r  s o  
many c e n t u r i e s  have been p o s s i b l e ?  T h i s  o b s e r v a t i o n  
i s  of impor tance  when c o n s i d e r i n g  t h e  remedies  
which a r e  needed t o  b r i n g  t h e  sys tem o u t  of  t h e  
c r i s i s  and i n t o  a  "normal" s e t  o f  c o n d i t i o n s .  What 
is  needed i s  n o t  t o  change t h e  p a t h  of  development 
by o u t s i d e  s t e e r i n g  i n t o  t h e  d i r e c t i o n  o f  f u r t h e r  
growth o r  no growth.  What i s  needed i s  a  r e s t r u c -  
t u r i n g  of  t h e  sys tem s o  a s  t o  r e t u r n  t o  t h e  "normal" 
t y p e  o f  c o n d i t i o n s  v h e r e  t h e  subsys tems a r e  i n  mutual  
harmony s o  t h a t  each  o f  them, by s o l v i n g  i t s  own 
problems,  is  c o n t r i b u t i n g  t o  t h e  s o l u t i o n  o f  t h e  
whole.  The a n a l y s i s  o f  present -day  and f u t u r e  
problems and c r i s e s  d u r i n g  t h e  n e x t  days  w i l l  
i n d i c a t e  tha. t  a  " h o r i z o n t a l "  r e s t r u c t u r i n g  o f  t h e  
wor ld  sys tem i s  needed i n  o r d e r  t o  s o l v e  ene rgy ,  
food ,  and o t h e r  c r i s e s ;  i . e .  t h e  s o l u t i o n  is  
f e a s i b l e  o n l y  i f  t h e  problems o f  needs  and s u p p l i e s  
a r e  approached i n  t h e  g l o b a l  c o n t e x t .  And it i s  
i n  t h i s  s e n s s  t h a t  t h e  wor ld  i s  a t  t h e  end of  t h e  
e r a  o f  independence and a t  t h e  t h r e s h h o l d  o f  a  new 
e r a  o f  g l o b a l  development ,  an e r a  which i s  born  
n o t  o u t  of  good w i l l  and g e n e r o s i t y  b u t  o u t  o f  
n e c e s s i t y .  
O v e r a l l  Methodoloqy of  Model C o n s t r u c t i o n  and I t s  Use 
A s  A Plann inq  Tool  
P r o f .  Mesarovic opened t h e  d i s c u s s i o n  on o v e r a l l  
methodology of  model c o n s t r u c t i o n  and i t s  u s e  a s  a  p l ann ing  
t o o l .  F i r s t  he o u t l i n e d  t h e  major  c h a r a c t e r i s t i c s  r e q u i r e d  
i n  t h e  mode l l i ng  a c t i v i t y  f o r  t h e  p r o j e c t .  They were: 
a )  r e g i o n a l i z a t i o n ,  
b) m u l t i - l e v e l  s t r a t i f i c a t i o n ,  and 
C )  man-machine symbios i s .  
For  r e g i o n a l i z a t i o n  it was n e c e s s a r y  t o  r e p r e s e n t  t e n  i n t e r -  
dependent  and i n t e r a c t i n g  r e g i o n s :  
1) North America, 
2 )  Western Europe,  
3 )  Japan,  
4 )  r e s t  of deve loped  c o u n t r i e s ,  
5 )  E a s t e r n  Europe,  
6 )  L a t i n  America, 
7 )  Middle E a s t ,  
8 )  A f r i c a ,  
9 )  S o u t h e a s t  A s i a ,  and 
10)  China.  
For  some a n a l y s e s  it was n e c e s s a r y  t o  a g g r e g a t e  t h e  r e g i o n s  
i n t o  t o t a l  wor ld :  
2 r e g i o n s  (1) t o  ( 5 )  and ( 6 )  t o  (10)  , 
3 r e g i o n s  (1) t o  ( 4 ) :  ( 5 )  and ( 6 )  t o  ( l o & ,  
4 r e g i o n s  (1) t o  ( 4 )  : ( 5 )  : ( 6 )  t o  (91 ,  and (10) . 
In some cases a regional model based on 11 regions was used, 
dividing region (9) (Southeast Asia) into two regions (9a) 
(Pakistan, India, and Bangladesh) and region (9b) (the 
remainder). 
Prof. Mesarovic went on to discuss the basic requirements 
for regional models and introduced the concept of stratification. 
Stratification was not only necessary to consider problems 
from the level of population groupings but also from the point 
of view of goal setting and causation. 
With regard to handling the complexity, in general the 
philosophy was to try to understand the system at a higher 
level of aggregation, and then proceed to select the most 
appropriate level at which to interact with it. As an 
illustration of how strata were crossed in the project, 
Prof. Mesarovic used the food model as an example: agriculture 
was obviously a prime area of examination particularly with 
respect to protein availability, e.g. possible changes in 
main crops, the economic consequences of agricultural policy, 
and the relation between protein availability and mortality. 
The linkages between the food model and the population model 
were obviously extremely inportant as was the necessity to 
take into account all the factors which could limit growth 
in these areas. Prof. Mesarovic stressed the differences 
between a monolithic view of the world and the regionalized 
and stratified concept expressed in the project. Diversity 
had a high value in survival but diversity and stability 
represented two opposing forces. 
In the use of the models, the essential method was a 
computer interaction by the researcher at both the decision 
strata and causal strata level. At the policy level of the 
decision strata a set of policy options was presented, and 
at the strategy level options were available to the decision 
maker and through computer interaction he could appreciate 
how good these options were to achieve the selected policy. 
Finally, at the implementation level, the consequences of 
the selected policy and the chosen strategy would be demon- 
strated. In this sense the system of models was essentially 
a practical tool to enable decision makers to make forecasts. 
Thus, the philosophy of the project was based on the need for 
scientists to contribute, through model building, to the 
solution of real world problems. 
Discuss ion 
The s h o r t  d i s c u s s i o n  of t h e  i n t r o d u c t o r y  papers  by 
P r o f .  P e s t e l  and P r o f .  Mesarovic c e n t e r e d  on two a r e a s :  
me thodology and o p t i m i z a t i o n .  
Data Prob1,ems: Methodoloqy 
There were obvious gaps i n  t h e  d a t a  and a  major problem 
was how t o  i d e n t i f y  t h e  r e l a t i o n s h i p s  when such gaps were 
impor tant .  I n  such a  c a s e  assumptions on t h e  r e l a t i o n s h i p s  
involved were necessary .  Other problems were r e l a t e d  t o  t h e  
f u t u r e  e v o l u t i o n  of t h e  system, f o r  example, t h e  maximum 
y i e l d  t o  be ob ta ined  from f e r t i l i z e r s  f o r  d i f f e r e n t  types  of  
s o i l .  A t echn ique  of a n a l y s i s  f o r  " f u t u r e "  d a t a  was necessa ry  
I n  t h i s  connect ion  some p a r t i c i p a n t s  r a i s e d  t h e  problem of 
i d e n t i f i c a t i o n  of endogenous and exogenous v a r i a b l e s  i n  t h i s  
t y p e  of model l ing  a c t i v i t y .  P r o f .  Mesarovic s t r e s s e d  t h e  
need f o r  a  r easonab le  balance  i n  t h i s  r e s p e c t ;  t h e  model- 
b u i l d i n g  a c t i v i t y  was concerned wi th  i s s u e s  and t h e s e  i s s u e s  
d i c t a t e d  s t r u c t u r e  and provided t h e  b a s i c  parameters .  Other 
comments r e l a t e d  t o  t h e  p o s s i b i l i t y  of a  u t i l i t y  index and 
p r i c i n g  f a c t o r s  f o r  t h e  a l l o c a t i o n  of s c a r c e  r e sources .  
Opt imizat ion  
One p a r t i c i p a n t  r a i s e d  t h e  problem of how op t imiza t ion  
o f  i n d i v i d u a l  wel l -being i n  s p e c i f i c  r e g i o n s  could  be  b u i l t  
i n t o  t h e  models. I n  d i s c u s s i o n  i t  was po in ted  o u t  t h a t  it 
might be  premature a t  t h i s  s t a g e  t o  i n t r o d u c e  op t imiza t ion :  
t h i s  would becoine r e l e v a n t  a t  t h e  l e v e l  of p r a c t i c a l  a p p l i -  
c a t i o n .  P ro f .  Mesarovic was of t h e  op in ion  t h a t  it would be  
academic t o  t r y  t o  determine what i s  op t ima l  f o r  i n d i v i d u a l  
p a r t s  of t h e  model: it was necessary  t o  look a t  t h e  system 
a s  a  whole. Another p a r t i c i p a n t  s t r e s s e d  t h e  d i f f i c u l t y  of  
t h e  problem of i d e n t i f i c a t i o n  i n  making new p o l i c i e s :  
t h i s  was bound up wi th  t h e  g e n e r a l  problem of t h e  l e v e l  of 
conf idence  which could  be p laced  i n  t h e  r e a l i t y  of  t h e  models. 
I n  r e p l y i n g  t o  t h i s  d i s c u s s i o n ,  P ro f .  Mesarovic s t r e s s e d  t h e  
main concern of t h e  team: they  were e s s e n t i a l l y  concerned 
wi th  c r i t i c a l  world-wide r e l a t i o n s h i p s  i n  a r e a s  of  obvious 
g l o b a l  s i g n i f i c a n c e  r a t h e r  than wi th  i s s u e s  of  f i n e  adjus tment .  
Discuss ion on 
"World Popula t ion  Model and Analys is  of 
Popula t ion  Po l i cy"  
& D r .  W .  Paul 
Technical  C l a r i f i c a t i o n  
The f i r s t  q u e s t i o n s  and comments fo l lowing D r .  P a u l ' s  
p r e s e n t a t i o n  were addressed t o  t h e  t e c h n i c a l  and mathematical  
p r o p e r t i e s  of t h e  popu la t ion  model. P ro f .  P e s t e l  b r i e f l y  
showed t h e  s e n s i t i v i t y  of popu la t ion  p r o j e c t i o n s  and of t h e  
s t a r v a t i o n  feedback t o  t h e  age p r o f i l e s  a t  any p o i n t  i n  t ime.  
He a l s o  po in ted  o u t  t h a t  t h e  age p r o f i l e  f o r  any s t e a d y  s t a t e  
popu la t ion  depends e n t i r e l y  upon t h e  m o r t a l i t y  s t a t i s t i c s  
and t h u s  i s  independent of t h e  l e v e l  a t  which t h e  popu la t ion  
i s  s t a b i l i z e d  and t h e  p o l i c i e s  used t o  b r i n g  about  t h e  
s t e a d y  s t a t e .  
A p a r t i c i p a n t  asked whether t h e  dependence of f e r t i l i t y  
and m o r t a l i t y  r a t e s  upon t h e  s t a n d a r d  of l i v i n g  had been 
examined. P r o f .  P e s t e l  r e p l i e d  t h a t  such r e l a t i o n s h i p s  were 
d i f f i c u l t  t o  model f u n c t i o n a l l y .  The group t h e r e f o r e  f e l t  
on f i r m e r  ground i n  examining t h e  e f f e c t s  of  popu la t ion  
measures i n s t e a d  of modell ing t h e s e  a s  e f f e c t s  d e r i v i n g  from 
changes i n  l i v i n g  s t a n d a r d s .  A number of t o o l s  could be 
a p p l i e d  t o  achieve  t h e  d e s i r e d  popu la t ion  p o l i c y  b u t  it was 
upon t h e  e f f e c t s  of  t h i s  p o l i c y  i t s e l f  t h a t  a t t e n t i o n  was 
focused.  P ro f .  P e s t e l  noted a l s o  t h a t  t h e  necessa ry  changes 
i n  r e a l  income t o  achieve  t h e  d e s i r e d  popu la t ion  e f f e c t s  
might be s o  i n f e a s i b l e  a s  t o  l i e  o u t s i d e  t h e  realm of p o l i c y  
o p t i o n s .  Thus, it i s  n o t  u s e f u l  t o  say  t h a t  China needs only  
a  t e n f o l d  i n c r e a s e  i n  p e r  c a p i t a  r e a l  income whereupon i t s  
f e r t i l i t y  w i l l  d rop t o  more s a t i s f a c t o r y  l e v e l s .  
One a t t e n d i n g  s c i e n t i s t  argued t h a t  a  popu la t ion  equi-  
l i b r i u m  r e s u l t  was imposs ib le  i n  t h a t  t h e  p o l i c i e s  a p p l i e d  
would most l i k e l y  overshoot  and l e a d  t o  a  d e c l i n i n g  popu la t ion .  
I t  was agreed t h a t  no c o n s t a n t  mix of measures would l e a d  t o  
a  p e r f e c t l y  s t e a d y  popu la t ion  b u t  argued t h a t  subsequent 
adjus tments  could  l e a d  t o  a  popu la t ion  l e v e l  s t a b i l i z e d  w i t h i n  
s u f f i c i e n t l y  narrow bounds. Another p a r t i c i p a n t  po in ted  o u t  
t h a t  t h e  s t r a t e g y  of encouraging p rospec t ive  p a r e n t s  t o  w a i t  
had n o t  been inc luded i n  t h e  model. 
The Mode of P r e s e n t a t i o n  
Prof .  Rademaker* p r a i s e d  t h e  development and p r e s e n t a t i o n  
of t h e  popula t ion model bu t  urged t h e  group a s  modell ing 
co l l eagues  n o t  t o  couch t h e i r  f ind ings  i n  c h i l i a s t i c  terms.  
S p e c i f i c a l l y  one should  avoid such s t i r r i n g  c l o s i n g  sen tences  
a s  t h e  c la im t o  have "demonstrated convincingly  t h e  urgency 
of d r a s t i c  popula t ion measures i n  o rde r  n o t  t o  l e t  n a t u r e  
t a k e  i t s  c r u e l  course ."  The model i s  a f t e r  a l l  a  model and 
a s  such depends v i t a l l y  upon i t s  conceptual  assumptions.  I t  
should n o t  i n d i s c r i m i n a t e l y  be confused wi th  t h e  r e a l  world. 
The p r o j e c t e d  t ime t o  equ i l ib r ium popula t ion o f  seventy  yea r s  
depends c r u c i a l l y  upon t h e  s p e c i f i c  c o n d i t i o n s  assumed--this 
was confirmed by D r .  Paul--and should n o t  be p resen ted  a s  an 
~mrnutable law. 
Prof .  Mesarovic agreed t h a t  models should  be cons t ruc ted  
and used i n  f l e x i b l e  ways. When, however, a  family  of models 
i s  der ived  from r e a l i t y  i n  such a  way t h a t  r e a l i t y  under a  
broad range of assmipt ions  seems t o  f a l l  w i t h i n  t h e  family 
and when t h e  e n t i r e  family l e a d s  t o  a  ca lamitous  conc lus ion ,  
t h e  modeller  has  t h e  r e s p o n s i b i l i t y  t o  r e p o r t  t h i s .  The 
group has  sought n o t  simply t o  develop a  model bu t  t o  analyze  
i t s  r e l a t i o n s h i p  t o  r e a l i t y  a c r o s s  a  broad range of s e n s i t i v i t y  
checks.  The medical  examination of a  c h i l d  may be in tended 
o r i g i n a l l y  a s  no more than an academic demonstra t ion,  y e t  i f  
t h e  c h i l d  is found t o  be s i c k ,  it should be repor ted .  P ro f .  
Mesarovic agreed t h a t  seventy  yea r s  was no magic number f o r  
t h e  achievement of a  cons tan t  popula t ion l e v e l  b u t  noted 
t h a t  even more p e s s i m i s t i c  was a  r e c e n t  UNESCO study p r e d i c t i n g  
t h a t  t h e  world popula t ion would grow f o r  a t  l e a s t  a  c e n t u r y .  
P r o f .  Kle in  pointed o u t  t h a t  many of t h e  equa t ions  
p resen ted  were mathematical  t ru i sms  and a s  such n o t  s u b j e c t  
t o  v a l i d a t i o n .  He urged t h e  e x p o s i t o r s  of t h e  model t o  make 
c l e a r  j u s t  where were hidden t h e  behav io ra l  assumptions t h a t  
could  be s u b j e c t e d  t o  v a l i d a t i o n  and which might l ead  t h e  
model p r o j e c t i o n s  t o  s t r a y  d r a s t i c a l l y  from r e a l i t y .  Without 
such v a l i d a t i o n ,  he quest ioned t h e  wisdom of making p ro jec -  
t i o n s  o u t  t o  2100. 
P r o f . . P e s t e l  s t a t e d  t h a t  none of t h e  group would argue 
o r  expect  t h e i r  s c e n a r i o s  f o r  t h e  yea r  2100 t o  be even 
approximated. The run t o  t h a t  p o i n t  was made p a r t l y  o u t  of  
c u r i o s i t y  and p a r t l y  t o  f i r m l y  make t h e  p o i n t  t h a t  t h e  
assumptions under ly ing t h e  model would have t o  change. He 
reminded t h e  conference  t h a t  t h e  popula t ion model was n o t  
des igned t o  be run i n  i s o l a t i o n  h u t  t o  be used i n  conjunct ion 
wi th  o t h e r  models and o t h e r  assumptions.  
* 
P r o f .  Rademaker has  asked t h a t  a  verbat im record  of  h i s  
remarks be publ ished i n  t h e  Conference Proceedings,  and they  
appear  i n  t h e  nex t  s e c t i o n .  
P r o f .  Rademaker ' s  Remarks 
P r o f .  Rademaker of t h e  Eindhoven Univers i ty  of 
Technology, P r o j e c t  Group Global  Dynamics: M r .  Chairman, 
I t h i n k  many of us have read t h i s  paper wi th  cons ide rab le  
i n t e r e s t ,  i f  only  because of t h e  i n t e r e s t i n g  d i f f e r e n c e s  
between va r ious  regions  it r e v e a l s .  But,  be ing among our  
own k ind  a s  people who work wi th  systems and modell ing 
approaches,  it appears t o  me t h a t  we have an o b l i g a t i o n  
t o  warn each o t h e r  a s  soon a s  t h e r e  i s  a  chance t h a t  we 
g e t  t o o  much f a i t h  i n  our  models o r  t h a t  we l o s e  s i g h t  of 
t h e  t h i n  l i n e  d i v i d i n g  models from r e a l i t y .  
A f t e r  a l l  t h e  r e s e r v a t i o n s  and q u a l i f i c a t i o n s  t h a t  
were made t h i s  morning, t h i s  paper ends wi th :  "[this]  
demonstra tes  convincingly  t h e  urgency of d r a s t i c  popula t ion 
p o l i c y  measures i n  o r d e r  n o t  t o  l e t  n a t u r e  t a k e  i t s  c r u e l  
course . "  I f  I may paraphrase  t h i s  sentence:  t h i s  demon- 
s t r a t e s  convincingly  how e a s i l y  t h e  mind s l i p s  from f ind ings  
based upon a  c e r t a i n  model t o  c o n c l u s ~ o n s  presumed t o  be 
v a l i d  i n  t h e  r e a l  world. P e r s o n a l l y ,  I am i n c l i n e d  t o  
b e l i e v e  t h a t  t h e  conclus ions  a r e  c o r r e c t ,  bu t  t h e  s t e p  
from model t o  r e a l i t y  should  n o t  be made wi thou t  s e r i o u s l y  
considering--and recons ide r ing- -a l l  " i f ' s "  and " b u t ' s . "  
I t  should  be  a  wel l -considered,  conscious s t e p  and n o t  
something obviously  s e l f - e v i d e n t .  
A r e l a t e d  p o i n t  was, i n  f a c t ,  a l r e a d y  r a i s e d  by 
M r .  de J u l i o  when he asked about those  seventy  y e a r s  t h a t  
seem t o  be t h e  t ime needed t o  approach e q u i l i b r i u m  i n  
almost  a l l  " s c e n a r i o s . "  Before those  seventy  y e a r s  become 
a  holy  number, we ought t o  ask o u r s e l v e s  t h e  q u e s t i o n ,  
" a r e  they c h a r a c t e r i s t i c  of t h e  world o r  a r e  they charac- 
t e r i s t i c  of t h e  model 's  assumptions?" 
I n  my op in ion ,  t h i s  f i g u r e  has  come o u t  because t h e  
only  change has  been simply a  change i n  f e r t i l i t y ,  chosen 
s o  a s  t o  ensure  equ i l ib r ium i n  t h e  long run.  There cannot 
be any doubt t h a t  t h i s  i s  a  ve ry  i n t e r e s t i n g  e x e r c i s e  but-- 
aga in - - th i s  should  n o t  be t r a n s l a t e d  i n t o  t h e  r e a l  world 
wi thou t  a very thorough r e t h i n k i n g  of t h e  whole s u b j e c t :  
people a r e  n o t  very l i k e l y  t o  behave i n  such a  way a s  t o  
s t a b i l i z e  t h e  popula t ion seventy  y e a r s  l a t e r .  The a c t u a l  
development might be e i t h e r  f a r  worse o r  f a r  b e t t e r .  For 
example, it i s  conceivable  t h a t  food-per-head, c u l t u r a l  
a s p i r a t i o n s ,  educa t ion ,  and t h e  l i k e  do n o t  simply change 
a  f e r t i l i t y  c o e f f i c i e n t ,  b u t  may g ive  r i s e  t o  one o r  more 
feedbacks based on comparison of t h e  a c t u a l  development 
wi th  t h e  d e s i r e d  development. A s  any c o n t r o l  eng inee r  
can t e l l  you, t h i s  may reduce the  dominant t ime by a  very  
cons ide rab le  amount indeed ( p o l e - s h i f t i n g )  . Maybe we a r e  
wi tness ing  such a  process  now i n  West Europe and North 
America. 
So it is important  t o  r e a l i z e  t h a t  t h e  seventy yea r s  
is  a  n o t  a n a t u r a l  cons tan t  bu t  t h e  consequence of  b u i l d i n g  
a  p a r t i c u l a r  assumption about t h e  change of  f e r t i l i t y  i n t o  
t h e  model. Here, aga in ,  t h e  s t e p  from t h e  model t o  t h e  
r e a l  world should n o t  be made without cons ide rab le  cau t ion .  
Discuss ion  on 
"Food P roduc t ion  and N u t r i t i o n  Model" 
by D r .  P .  Clapham 
T e c h n i c a l  C l a r i f i c a t i o n  
A p a r t i c i p a n t  i n q u i r e d  how ocean f i s h i n g  f i t  t h e  
assumpt ions  o f  food a s  a  r e t u r n  on c a p i t a l  i n  a  r e g i o n a l i z e d  
wor ld .  D r .  Clapham responded t h a t  t h e  problem was tough-- 
i n  p a r t  because  t h e  oceans  a r e  a  commons and t h u s  canno t  be  
r e g i o n a l i z e d .  H e  n o t e d  though t h a t  o n l y  c e r t a i n  a r ea s - -  
e s t u a r i a l  w a t e r s  and upwel l ing  zones--were e s p e c i a l l y  s u i t e d  
f o r  f i s h  p r o d u c t i ~ n .  A g e o g r a p h i c a l  model would b e  n e c e s s a r y  
t o  s t u d y  t h e  s i t u a t i o n  i n  d e t a i l ,  b u t  t h e  f i n i t e n e s s  o f  
p r o d u c t i v e  f i s h i n g  zones  was--through d a t a  on p r e s e n t  
o p e r a t i o n s - - a l r e a d y  i n c o r p o r a t e d  i n  t h e  model. 
S e v e r a l  members of  t h e  aud ience ,  i n  n o t i n g  t h e  
dependence i n  t h e  model upon a v a i l a b l e  a g r a r i a n  l a n d ,  i n q u i r e d  
how t h e  p o s s i b i l i t y  of  f e e d  l o t s  might  be  i n c o r p o r a t e d .  D r .  
Richardson e x p l a i n e d  t h a t  t h e  most  c a p i t a l  i n t e n s i v e  end of 
t h e  l i v e s t o c k  s c e n a r i o  i n c l u d e d  e x i s t i n g  f e e d  l o t s .  A s  l i v e -  
stoclc becomes s t i l l  more c a p i t a l  i n t e n s i v e ,  t h e  p r o p o r t i o n  o f  
f e e d  l o t s  would grow. P r o f .  Bruckmann p o i n t e d  o u t ,  however, 
t h a t  by t h e  assumpt ions  of  t h e  model t h e  f r a c t i o n  of  c a t t l e  
i n  f e e d  l o t s  remained c o n s t a n t .  
One p a r t i c i p a n t  was b o t h e r e d  by t h i s  assumption t h a t  
f r a c t i o n a l  p r o p o r t i o n s  of l a n d  u s e  remained c o n s t a n t .  Why, 
f o r  i n s t a n c e ,  s h o u l d  t h e  r a t i o  of  l a n d  f o r  c e r e a l  foods  t o  
non-cerea l  v e g e t a b l e s  remain unchanging? Would n o t  a  way of  
avo id inq  o r  minimiz ing  s t a r v a t i o n  b e  t o  s h i f t  t o  foods  w i t h  
t h e  h i g h e s t  c a l o r i c  and p r o t e i n  c o n t e n t  f o r  t h e  r e s e r v e  u n i t s  
i n v e s t e d .  D r .  Clapham conceded t h a t  t h e  model c o u l d  have  
a l lowed changing  p r o p o r t i o n s  of  l a n d  u s e s .  He a rgued  t h a t ,  
a s  t h e  m o d e l l e r ,  he  had judged t h a t  making t h i s  f a c t o r  an 
a d d i t i o n a l  exogenous v a r i a b l e  was unnecessary  and unwarranted.  
I t  was unneces sa ry  because  t h e i r  r e s e a r c h  showed t h a t  t h e  
r a t i o s  remained r e l a t i v e l y  c o n s t a n t ,  and i t  was unwarranted  
because  of  t h e  a d d i t i o n a l  compl i ca t ion  t h i s  would have  
c o n t r i b u t e d  t o  t h e  model.  
Two s c i e n t i s t s  had r e s e r v a t i o n s  abou t  t h e  s i n g l e  te rm 
t r e a t m e n t  of  c a p i t a l  i nves tmen t  based  upon d a t a  from f e r t i l i z e r  
y i e l d s .  T h i s  a s sumpt ion ,  t h e y  f e l t ,  r o o t e d  t h e  model i r r e v o c a b l y  
i n  t h e  p a s t .  D r .  Clapham responded t h a t  you c o u l d  c e r t a i n l y  
t r a d e  o f f  f e r t i l i z e r s  a g a i n s t  fa rming  more l a n d  b u t  f e l t  t h a t  
the fertilizer-yield relationship was fundamental enough that 
one did not need to incorporate explicitly such factors as 
machinery and biocides. The green revolution, for instance, 
was simply the use of new crops which had been developed to 
respond dramatically to fertilizers. 
It was then argued that this simple measure of output as 
food per capita missed important considerations as the dis- 
tribution of food geographically and over the age profile. 
This distribution would affect the starvation margin but 
itself depends upon such uncapturable variances as the way 
that money is lent. Dr. Clapham said that preparations 
already were underway to include the distribution factor in 
the next generation of the model. 
Ecological Considerations 
It was pointed out that the productivity of various units 
in the food model would be vastly affected by environmental 
pollutants. Food production would in turn contribute to 
overall despoliation of the environment. Prof. Mesarovic 
answered that pollution models were under development, would 
be presented later in the week, and would be incorporated 
within the mode 1. 
A participant pointed out two areas of special concern: 
that biocides injured the ecosystem and that the genetic pool 
of the world's animals might be endangered in an important, 
unknowable way that was not addressed by the model. Dr. 
Clapham felt that the majority of the animal species could 
exist on the untilled land. He admitted a reservation of 
his own: that a drawback of the green revolution is that, 
without careful preservation, the older plant varieties might 
be forever lost. 
Prof. Leibnitz noted that good results had been obtained 
through fertilization over the past half-century but wondered 
about the stability of the synthetic soil system that was 
being built up. Dr. Clapham agreed that this problem was of 
urgent concern but regretted that he had been unable to find 
any treatment of it in the ecological literature. 
Discuss ion on 
" I n t e g r a t e d  Food Supply and Need Model and Assessment 
of Lonq Term World Food C r i s i s "  
by D r .  J .  Richardson 
One p a r t i c i p a n t  noted t h a t  land reform measures were n o t  
a s a l i e n t  p a r t  of t h e  model and wondered i f  t h i s  might n o t  be  
a f a i l i n g .  D r .  Richardson s a i d  t h a t  h i s  own exper ience  had 
i n d i c a t e d  t h e  importance of land reform and hoped t h a t  it 
would be more e x p l i c i t l y  t r e a t e d  i n  l a t e r  v e r s i o n s .  P r o f .  
P e s t e l  agreed t h a t  American p r o d u c t i v i t y  f i g u r e s  r equ i red  
land reforms t o  achieve t h e  economies of l a r g e  s c a l e  o p e r a t i o n s .  
He a l s o  showed how t h e  model was a b l e  t o  r egard  p r o d u c t i v i t y  
a s  t h e  f u n c t i o n  of f e r t i l i z e r  c a p i t a l  wi th  t h e  assumption t h a t  
s i g n i f i c a n t  changes i n  land holding p o l i c i e s  would s h i f t  one 
t o  a d i f f e r e n t  f u n c t i o n a l  curve wi th in  t h e  c l a s s  of f u n c t i o n s .  
The d i s c u s s i o n  tu rned  toward t h e  philosophy of t h e  
n:.odelling and t h e  modes of i t s  p r e s e n t a t i o n .  I t  was argued 
t h a t ,  from a p r a c t i c a l  viewpoint ,  t h e  most important  a s p e c t s  
cf  any modell ing e f f o r t  were i t s  p o l i c y  handles  which were 
f e l t  h e r e  t o  be i n s u f f i c i e n t l y  c l e a r .  Another p a r t i c i p a n t  
r e s t a t e d .  t h i s  a s  a fundamental skep t i c i sm f o r  genera l  purpose 
:;imul.ators. He urged t h a t  they be q u e s t i o n - s p e c i f i c  and 
xsked what q u e s t i o n s  had guided t h e  c o n s t r u c t i o n  of  t h i s  
model and how they had been chosen. P ro f .  F e s t e l  s a i d  t h a t  
t h e  model had n o t  been s p e c i f i c a l l y  geared toward answering 
q u e s t i o n s ,  b u t  t h a t  important  ques t ions--as  i n  t h e  energy model 
t o  be p resen ted  tomorrow--had a r i s e n  i n  t h e  course  of t h e  work. 
P r o f .  Mesarovic agreed,  b u t  sensed t h a t  concern over  t h e  food 
supply had been a f o c a l  p o i n t  from t h e  s t a r t .  P r o f .  Dantzig 
f e l t  t h a t  t h e r e  was an adequate fundamental q u e s t i o n  f o r  any 
model i n  t h e  p rospec t  of m i l l i o n s  of bab ies  starv!.ng t o  dea th .  
A s c i e n t i s t  s t a t e d  h i s  pe r sona l  axiom t h a t  any modell ing 
work should  be accompanied by an e s t i m a t i o n  of  p o s s i b l e  e r r o r .  
H i s  own modell ing work had run World 3 under what he judged 
t o  be reasonab le  e r r o r  assumptions.  I t  showed t h a t  a f t e r  a 
number of y e a r s  these  e r r o r s  were s o  compounded t h a t  t h e  f i n a l  
p r o b a b i l i t y  d i s t r i b u t i o n  was impossibly broad.  A s  a ph i lo -  
sop ' l i ca l  a s i d e  he rcpea ted  t h e  opinion of p c l i t i c a l  sc ience  
t h a t  t h e  only  v a l i d  model i s  adap t ive  l e a r n i n g .  
P ro f .  Mesarovic s a i d  t h a t  h i s  group was concerned about  
p o s s i b l e  e r r o r ,  and s t r o v e  t o  make t h e  model c l e a r .  He noted 
t h a t  c e r t a i n  f i n d i n g s  were e r r o r - f r e e .  P r o f .  P e s t e l  s a i d  t h a t  
a f t e r  many favorab le  assumptions had been nade,  a l l  s c e n a r i o s  
s t i l l  l e d  t o  t h e  b l a c k e s t  of  r e s u l t s .  The i r  t e n t a t i v e  
conc lus ions  were thus  couched i n  t h e s e  terms and d i d  n o t  
r e s t  upon assumptions of i n f a l l i b i l i t y .  
A p a r t i c i p a n t  summarized h i s  own r e a c t i o n  t o  t h e  food 
and popu la t ion  p r e s e n t a t i o n s .  He f e l t  it c r i t i c a l  t o  i d e n t i f y  
normal s t a t e s  of  t h e  world model a s  t h e s e  would a f f e c t  many 
c o n s t r a i n t s .  We a l l  ag ree  t h a t  popula t ion  f o r  t h e  immediate 
f u t u r e  w i l l  con t inue  t o  grow. Our t a s k  i s  t o  e x t r a p o l a t e  
t h i s  growth and t o  apply  a  f e a s i b l e  c o n t r o l  p o l i c y .  We 
should  work t o  reduce t h e  f r i n g e  a t  which food a c t s  upon t h e  
popu la t ion .  H i s  persona l  view--although it may be  a  hope-- 
i s  t h a t  educa t ion  w i l l  have more e f f e c t  upon popu la t ion  than 
w i l l  t h e  s h o r t n e s s  of  food.  
Discuss ion on 
"The Enerqy Resources Model" 
by D r .  H .  Maier 
and 
-
"The Energy Supply Model" 
by D r .  H .  Bossel  
Discuss ion was opened by Pro f .  Hafe le ,  who ques t ioned 
t h e  h i e r a r c h i c a l  approach t o  energy problems followed by 
t h e  Mesarovic-Pestel  group. The g roup ' s  view of energy 
problems seemed e s s e n t i a l l y  t o  be regarded mainly a s  a  
q u e s t i o n  of r e sources  supply .  He sugges ted  t h a t  t h e  ques t ion  
of r e s o u r c e s  i n  o t h e r  a r e a s  should be considered i n  t h e  
long-term p e r s p e c t i v e  of  un l imi ted  amounts of energy.  
Secondly,  he ques t ioned t h e  assumption of a  c o n s t a n t  growth 
r a t e  of  energy consumption, v a l i d  f o r  a l l  pe r iods  i n  t h e  
model; a  l e v e l l i n g - o f f  parameter  d i c t a t e d  by c o n s t r a i n t s  
o t h e r  than  re sources  might be  a  b e t t e r  approach.  He 
s t r e s s e d  t h a t  t h e  long-term p e r s p e c t i v e  of un l imi ted  
amounts d i d  n o t  amount t o  an easy  f u t u r e .  The p r i c e  we 
might have t o  pay i n  c a s e  of t h e  s o l a r  o p t i o n  was t h e  
p o s s i b i l i t y  of c r e a t i n g  an  unfo r seeab le  impact  on c l i m a t e ;  
t h e  geothermal o p t i o n  i f  used on a  l a r g e  s c a l e  might 
i n c r e a s e  t h e  r i s k  of ear thquakes .  
P ro f .  P e s t e l  agreed t h a t  t h e  energy r e s o u r c e s  problem 
might have been overemphasized, b u t  a t  l e a s t  f o r  t h e  
t r a n s i t i o n  pe r iod  t h i s  procedure was a p p l i c a b l e .  The 
t ime span considered was one i n  which c e r t a i n  resouyces  
problems would d i c t a t e  t h e  p o l i c y  c h o i c e s .  The model 
se rved  t o  i n v e s t i g a t e  c e r t a i n  a l l o c a t i o n s  of a v a i l a b l e  
r e s o u r c e s ;  u l t i m a t e  r e sources  were o u t s i d e  t h e  p e r i o d  
cons ide red .  
P ro f .  Manne a l s o  considered t h a t  t h e  h i e r a r c h y  of 
energy problems should be  reviewed.  He d i d  n o t  a g r e e  
wi th  t h e  t e c h n i c a l  parameters  f o r  s o l a r  energy incorpora ted  
i n  t h e  model: he d i d  no t  t h i n k  t h a t  t h e  wa te r  s p l i t  o p t i o n s  
involved were "on t h e  s h e l f  of t h i n g s  t h a t  could be o rde red  
from t h e  t e c h n o l o g i s t s  of t h e  nea r  f u t u r e . "  
Then followed a  longer  d i s c u s s i o n  about  advantages and 
d i sadvan tages  o f  s i m u l a t i o n  on t h e  one hand and o p t i m i z a t i o n  
on t h e  o t h e r .  P ro f .  Manne emphasized t h a t  o p t i m i z a t i o n  
models pe rmi t t ed  t h e  c a l c u l a t i o n  of marginal  c o s t s ,  whereas 
D r .  Bossel  remarked t h a t  t h e  use  of o p t i m i z a t i o n  a lgor i thms  
a s  a  d i r e c t  d e c i s i o n  c r i t e r i o n  was no t  a p p l i c a b l e .  
D r .  Shubik asked f o r  more in fo rma t ion  on t h e  s c e n a r i o  
s t r u c t u r e .  From t h e  u s e r ' s  p o i n t  of  view was t h i s  i n  t e r m s  
of numer ica l  r e a c t i o n  of  i n p u t s ,  and i f  s o ,  how many pa ra -  
me te r s  would have t o  be  s u p p l i e d  t o  i n i t i a l i z e  t h i s  model? 
D r .  Bosse l  r e p l e d  t h a t  f o r  t h i s  model abou t  100 pa rame te r s  
had t o  be  s p e c i f i e d  i n  t i m e  s e r i e s .  Ten b a s i c  e q u a t i o n s  
had produced most of t h e  r e s u l t s  p r e s e n t e d .  I t  cou ld  b e  
programmed i n  one hour .  S p e c i f i c  i n p u t s  w i t h  r e s p e c t  t o  
c o a l ,  o i l ,  g a s ,  and n u c l e a r  power were p rov ided .  A more 
compl ica ted  model would t a k e  two days t o  p r e p a r e  and run .  
P r o f .  L e i b n i t z  was s u r  r i s e d  t h a t  t h e  ene rgy . supp ly  was 
a b s o l u t e l y  c o r r e l a t e d  w i t h  semand. Demand i n  d l r t e r e n t  
r e g i o n s  o f  t h e  g lobe  would i n c r e a s e  a t  d i f f e r e n t  r a t e s ,  
and t h e r e  was no p o s s i b i l i t y  t o  i n c l u d e  t r a n s p o r t a t i o n  and 
d i s t r i b u t i o n  o p t i o n s  i n  t h e  model. For some r e g i o n s ,  
a s s u m p t i o n s  on t h e  inves tment  c o s t  of d i s t r i b u t i o n  would be  
n e c e s s a r y  . 
Another  p a r t i c i p a n t  p o i n t e d  o u t  t h a t  t h e  model d i d  n o t  
assume any p a r t i c u l a r  d e c i s i o n  making s t r u c t u r e  on a  world 
o r  r e g i o n a l  s c a l e .  When a  p o l i c y  o p t i o n  was be ing  s t u d i e d  
u s i n g  t h e  model, t h i s  was i n  s c e n a r i o  form. 
P r o f .  Mesarovic p o i n t e d  o u t  t h a t  t h i s  was one of  t h e  
r e a s o n s  why o p t i m i z a t i o n  i n  t h e  c l a s s i c a l  s e n s e  had n o t  
been used .  The t e s t i n g  of  p o l i c y  o p t i o n s  had t h e  c h a r a c t e r  
of  an  i n t e r a c t i v e  a n a l y s i s  a s  a  t o o l  f o r  t h e  d e c i s i o n  
makers. Th i s  cou ld  h i g h l i g h t  what o p t i o n s  were a v a i l a b l e  
t o  which r e g i o n s .  
I n  c o n c l u s i o n ,  P ro f .  Hafe l e  expres sed  t h e  view t h a t  
i n  t h e  long-term p e r s p e c t i v e  t h e  problem of o u r  technology 
and energy  and t h e  un l imi t edness  o f  energy  could  p o s s i b l y  
have an a l l e v i a t i n g  e f f e c t  on o t h e r  m a t e r i a l  s h o r t a g e s .  
The u s e  of o p t i m i z a t i o n  methods ( e . g .  p r i c e  o p t i m i z a t i o n )  
by t h e  IIASA Energy P r o j e c t  was r e l e v a n t  t o  t h e  t r a n s i t i o n  
p e r i o d :  it was i n  any c a s e  on ly  one f a c e t  o f  IIASA's work 
i n  energy  sys t ems .  
Discuss ion  on 
"The Energy Demand Model" 
by P r o f .  B .  Hughes 
The v e r y  s h o r t  d i s c u s s i o n  was opened by P r o f .  Koopmans 
who observed  t h a t  i n  t h e  model a s  p r e s e n t e d ,  energy  u s e  p e r  
c a p i t a  i s  based on a  s i n g l e  c a u s a t i v e  f a c t o r ,  namely GNP. 
I n  most demand a n a l y s e s  t h e  second most impor t an t  f a c t o r  i s  
p r i c e .  Th i s  f a c t o r  was omi t t ed  from t h e  model. One r eason  
might  be t h a t  t h e  s i n g l e  f a c t o r  GNP g i v e s  a  good f i t  i n  a lmos t  
a l l  d iagrams.  However, t h e r e  i s  a  n e g a t i v e  c o r r e l a t i o n  between 
energy p r i c e  and GNP i n  s e v e r a l  c o u n t r i e s  i n  t h e  r e c e n t  p a s t .  
The re fo re  t h e  e f f e c t s  o f  p r i c e  may have been i n c o r r e c t l y  
a t t r i b u t e d  t o  GNP. But it i s  impor t an t  f o r  v a l i d  p r o j e c t i o n s  
t h a t  t h e  r e l a t i v e  i n f l u e n c e s  o f  GNP and of  p r i c e  be d i s t i n g u i s h e d ,  
because  t h e  c o r r e l a t i o n  i n  q u e s t i o n  might  n o t  c o n t i n u e  t o  ho ld .  
There have been a  number of  s t u d i e s  which emphasize t h e  r o l e  
of u s e r  equipment.  I f  t h a t  i s  i m p o r t a n t ,  t h e  e f f e c t  o f  t h e  
energy  p r i c e  i s  de layed  making it s t i l l  more d i f f i c u l t  t o  
de t e rmine .  A second f a c t o r  would be t h e  p o p u l a t i o n  d e n s i t y .  
Another  q u e s t i o n  is  t h a t  of  t h e  e f f e c t  o f  c l i m a t e  through 
i t s  i n f l u e n c e  on t h e  mix tu re  o f  h e a t i n g  and c o o l i n g  demand. 
These s u g g e s t i o n s  were o f f e r e d  f o r  f u r t h e r  r e s e a r c h  i n t o  t h e  
r e l a t i o n  t h a t  de t e rmines  energy demand, keeping  i n  mind t h e  
i n t e n d e d  u s e  o f  t h e  r e l a t i o n s h i p  i n  s i m u l a t i o n s .  
P r o f .  Hughes recognized  t h a t  p r i c e  i s  a n  impor t an t  f a c t o r  
( a l s o  f o r  f e e d b a c k ) ,  b u t  h i s  s u g g e s t i o n  is  t h a t  t h e  change i n  
r e l a t i v e  p r i c e s  i n  t h e  p e r i o d  1950 t o  1965 was n o t  s o  s u b s t a n t i a l  
tha . t  it was n e c e s s a r y  t o  implement it i n  t h e  model. Regional  
L!.fferences i n  p o p u l a t i o n  d e n s i t y ,  c l i m a t e ,  etc . ,  were r ecogn ized ,  
b u t  r e s e a r c h  i n t o  t h e  impact  o f  t h e s e  d i f f e r e n c e s  had n o t  y e t  
been made i n  t h i s  model. I t  seemed l i k e l y ,  however, t h a t  
r e g i o n a l  d i f f e r e n c e s  would n o t  have a major i n f l u e n c e  on t h e  
mode 1. 
P r o f .  K l e i n  remarked t h a t  i n  t h e  p e r i o d  c o n s i d e r e d  by 
P r o f .  Koopmans ( a n  i n f l a t i o n a r y  p e r i o d )  , t h e  p r i c e  of  
c0nsuri:e.r d u r a b l e s  f e l l  c o n s i d e r a b l y .  I n  North America and 
Europe,  t h e  p r i c e  o f  energy  consuming i t ems  had been reduced 
, , e rhaps  i n d i c a t i n g  a  w a s t e f u l  u se  of energy .  
P r o f .  Mesarovic added t h a t  t h e r e  were o t h e r  impor t an t  
f a c t o r s  a s  w e l l  a s  p r i c e .  P r i c e s  were o m i t t e d  i n  t h e  model 
because  o f  t h e  d i f f i c u l t i e s  of  a l l owing  f o r  p r i c e  changes i n  
t h e  f u t u r e .  
P r o f .  P e s t e l  sugges t ed  t h a t  t h e  problem might  be t a c k l e d  
by s t a r t i n g  w i t h  d i f f e r e n t  demand c u r v e s ,  and t h e n  d i s t o r t  
them by a  s e l e c t i o n  o f  p o s s i b l e  f u t u r e  p r i c e  changes .  
Discuss ion on 
"The I n t e g r a t e d  World Model" 
by Prof .  B .  Hushes 
Prof .  P e s t e l  s t a t e d  t h a t  t h e  a p p l i c a t i o n  of  t h i s  model, 
which would be demonstrated on t h e  computer v i a  Hannover and 
Grenoble, had posed a  range of d i f f e r e n t  q u e s t i o n s .  For  
example, va r ious  s c e n a r i o s  could be played and opt imized,  
b u t  t h e r e  remained a  q u e s t i o n  of a c c e p t a b i l i t y  of t h e  r e s u l t s .  
Prof .  F r i t s c h  asked about t h e  p o s s i b i l i t y  of incorpora t ing  
t h e  dec la red  p r i c e  p o l i c y  of t h e  o i l -producing c o u n t r i e s ,  
which was r e c e n t l y  p u t  forward by t h e  Shah, i n  t h i s  model. 
Prof .  Hughes r e p l i e d  t h a t  t h e  q u e s t i o n  of t h e  impact of 
t h a t  kind of p r i c e  mechanism on o t h e r  sources  of supply cannot  
be s a t i s f a c t o r i l y  answered a t  p r e s e n t  wi th  t h e  h e l p  of t h i s  
model. 
P r o f .  P e s t e l  mi t iga ted  P r o f .  Hughes' s t a t ement  by exp la in -  
ing  t h a t  a l l  t h e s e  a l t e r n a t i v e s  could be embedded i n  B o s s e l ' s  
model. I t  was necessary  t o  have a  s i n g l e  e s t i m a t e  of s u b s t i -  
t u t i o n  c o s t s  ve r sus  o i l  c o s t s .  But even w i t h  t h a t  model t h e r e  
would be d i f f i c u l t i e s  because t h e  s u b s t i t u t i o n  p a t t e r n  would 
cover e q u i v a l e n t  p r i c e s ;  whatever is used f o r  s u b s t i t u t i o n  
w i l l  determine t h e  s u b s t i t u t i o n  c o s t  f o r  t h e  f u e l .  
P ro f .  Kle in  proposed t h a t  g r e a t e r  emphasis should be 
p laced  on t h e  q u e s t i o n  of t h e  e x t e n t  t o  which o i l  companies 
p a r t i c i p a t e  i n  t h e  p r o f i t s  from t h e s e  p r i c e s .  A t  p r e s e n t ,  
p r i c e s  g e n e r a t e  a  g r e a t  balance  of payments d e f i c i t  i n  t h e  
developed n a t i o n s ,  and t h u s  e x e r t  severe  p r e s s u r e  on i n t e r e s t  
r a t e s .  Th i s  has  a l r e a d y  caused i n f l a t i o n  which i n  t u r n  
r e s u l t e d  i n  t h e  o i l -producing c o u n t r i e s  i n c r e a s i n g  t h e i r  
p r i c e s .  
P r o f .  Hughes r e p l i e d  t h a t  it was d i f f i c u l t  t o  know t h e  
impact of  c a p i t a l  p u l l .  A number of  d i f f e r e n t  procedures  
have been experimented wi th  f o r  t h e  t r a n s f e r e n c e  of c a p i t a l  
from t h e  import ing t o  t h e  expor t ing  c o u n t r i e s  cover ing t h e  
v a r i o u s  ways of  l i n k i n g  back t o  t h e  investment p a t t e r n s ,  
s a f e t y , a n d  r o l e  p a t t e r n s  of  t h e  developing c o u n t r i e s .  
P ro f .  Mesarovic added t h a t  much more complicated r e l a t i o n -  
s h i p s  a r e  involved.  The r e a l  problem was how t o  compare 
d i f f e r e n t  behav io ra l  p a t t e r n s :  coopera t ion ,  r e t a l i a t i o n ,  and 
squeeze.  Other systems which had n o t  been considered e x p l i c i t -  
l y  have been assumed i n  some of t h e  changes incorpora ted  i n  
t h e  model. There a r e  assumptions which could be t e s t e d  and, 
i f  necessa ry ,  be changed. More complicated systems a r e  assumed 
t o  respond i n  a  c e r t a i n  way and r e sponses  a r e  t hen  i n c o r p o r a t e d ,  
e . g .  a s  sugges ted  by P ro f .  K l e i n ,  a t  what  p o i n t  would t h e  
m u l t i - n a t i o n a l  o i l  companies withdraw and t h e i r  e a r n i n g s  c e a s e .  
P r o f e s s o r s  Hughes and P e s t e l  d i s c u s s e d  t h e  assumpt ions  
made by them i n  more d e t a i l  when c a l c u l a t i n g  wi th  t h i s  model: 
t h e  p r i c e s  r e f e r r e d  t o  t h e  t a x  e lement  on  t h e  o i l  from t h e  
Middle E a s t e r n  c o u n t r i e s .  The p r o f i t s  a l s o  i n c l u d e d  t r a n s p o r -  
t a t i o n .  I t  was assumed t h a t  b o t h  t r a n s p o r t a t i o n  and p r o f i t  
f a c t o r s  were r e l a t i v e l y  s m a l l ;  fu r the rmore ,  a  d e c r e a s e  i n  t h e  
p r o p o r t i o n  of  energy  c o s t s  had n o t  been examined i n  r e s p e c t  
of  i t s  d i f f e r e n t i a l  impact  on r e g i o n s .  They emphasized t h a t  
i f  methodology were t h e  f i r s t  s t e p  i n  a s s e s s i n g  t h e  impact  
of  c e r t a i n  a s p e c t s ,  it would b e  necessa ry  t o  s t u d y  f o r  t h o s e  
a s p e c t s  which had n o t  been cons ide red  e x p o n e n t i a l l y ,  b u t  o n l y  
invo lved  i m p l i c i t l y ,  whether  t hey  would o v e r r i d e  t h e  o t h e r  
p o i n t s  comple t e ly  o r  n o t .  Th i s  means on  a  more p h i l o s o p h i c a l  
l e v e l  t h a t  even  w i t h o u t  t h e  a b i l i t y  t o  man ipu la t e  such a  
model e x t e n s i v e l y  it is  g r a t i f y i n g  t o  see t h a t  it g i v e s  t h e  
b e s t  r e s u l t s  t o  everyone concerned w i t h  t h e  a l lowance  f o r  
t h e  c r i t e r i a  used.  
D i s c u s s i o n  on 
"The Macro-Economic World Model" 
P r o f .  Rademaker began t h e  d i s c u s s i o n  by a s k i n g  why 
d i a g o n a l  e l emen t s  of t h e  t r a d e - m a t r i x  a r e  unequal  t o  ze ro .  
P r o f .  Hickman s a i d  t h a t  t h i s  i s  due t o  t h e  a g g r e g a t i o n  o f  
c o u n t r i e s  t o  r e g i o n s .  For  a  n a t i o n ,  d i a g o n a l  e l emen t s  wpuld 
be  z e r o .  
Asked f o r  t h e  accu racy  and t ime s c a l e  of  d a t a ,  t h e  
a u t h o r s  s t a t e  t h a t  t h e  d a t a  b a s e  is t h e  U N - s t a t i s t i c a l  year -  
book,  1950-1970. Where d a t a  were  n o t  o b t a i n a b l e ,  d a t a  
e s t i m a t e s  by U N  were used .  P r o f .  McPherson s a i d  t h a t  t h e  
c o e f f i c i e n t s  i n  t h e  e x p r e s s i o n s  X = GX . Y, e t c .  i n  t h e  
Klein-Hickman model a r e  n o t  c o n s t a n t .  P ro f .  Hickman 
answered t h a t  t h e s e  c o e f f i c i e n t s  a r e  assumed t o  b e  t ime- 
i n v a r i a n t e d  b u t  i n  g e n e r a l  t h e y  c a n  b e  assumed a s  f u n c t i o n s .  
D r .  Mallmann asked i f  it was p o s s i b l e  t h a t  a  deve lop ing  
c o c n t r y  cou ld  become a  developed  one w i t h i n  t h e  model. 
P r o f .  Mesarovic d e c l a r e d  t h a t  t h e r e  were c e r t a i n  warnings  
implemented i n  t h e  model by which t h e  changed c l a s s i f i c a t i o n  
would b e  i n d i c a t e d .  
D r .  Dyokalov asked  f o r  t h e  d i f f e r e n c e  between marke t  and 
p lanned  economics i n  t h e  model.  P r o f .  K l e i n  answered t h a t  i n  
t h e  p lanned  economies f u l l  employment is assumed, and e x p o r t s  
a r e  assumed e q u a l  t o  impor t s .  P roduc t ion  i s  f i r s t  gea red  t o  
t h e  needs  of  t h e  home economy, and t h e  r e s t  is  expor t ed .  
I n  t h e  marke t  economies,  d e c i s i o n s  conce rn ing  e x p o r t s  and 
i m p o r t s  a r e  made a c c o r d i n g  t o  t h e i r  p r o f i t a b i l i t y .  
P r o f .  Kulikowski  a s s e r t e d  t h a t  i n  Cobb-Douglas f u n c t i o n s  
t h e  s t r u c t u r a l  f a c t o r  A ( t )  s i s  assumed a s  t ime dependent .  
He s u g g e s t e d  t h a t  t h e  l a b o r  s h a r e  a Should change w i t h  t ime.  
P r o f .  McPherson e x p l a i n e d  t h a t  i n  t h e  long r u n  b e t t e r  and 
more compl i ca t ed  c o n s t r u c t s  t h a n  Cobb-Douglas f u n c t i o n s  were 
needed.  
P r o f .  Mottek had two c r i t i c i s m s  : 
1) e x c l u s i o n  of  c y c l i c a l  f l u c t u a t i o n s ,  which l e a d  t o  
s t r u c t u r a l  changes  and t o  an  i n c r e a s i n g  r o l e  of  t h e  
s t a t e ;  and 
2 )  t h a t  t h e r e  a r e  l i n k i n g  problems.  There i s  no s e c t o r  
which produces  t echno logy ;  t h e r e f o r e  c r i s i s  p o s s i -  
b i l i t i e s  a r e  n o t  i n c l u d e d  i n  t h e  model.  
Prof. Mesarovic pointed out that while in the 
agricultural model technological and ecological strata 
are implemented, in the other models this is, so far, 
not the case. 
Prof. Hickman said that the capacity utilization or 
distributed lag models are not relevant for the model in 
the long run. Moreover, there are difficulties in endog- 
enizing the activity of the public sector. 
In fo rma l  Evenina S e s s i o n  
P r o f .  P e s t e l  i n  h i s  opening  remarks welcomed a l l  
p a r t i c i p a n t s  and i n v i t e d  them t o  i n t e r a c t  a s  f r e e l y  a s  they 
wished i n  t h i s  e x t r a - c u r r i c u l a r  s e s s i o n .  
Model B u i l d e r  v e r s u s  Dec i s ion  Maker 
A s u b s t a n t i a l  p a r t  o f  t h e  d i s c u s s i o n  c e n t e r e d  on t h e  
q u e s t i o n  t o  what e x t e n t  models of  t h i s  k ind  could  b e  used 
by t h e  d e c i s i o n  makers .  I t  was obvious  t h a t  t h e  model b u i l d e r  
h imse l f  should  b e  w e l l  aware of t h e  f u n c t i o n i n g ,  s e n s i t i v i t y ,  
and l i m i t a t i o n s  of  h i s  model. The d e c i s i o n  makers ( o r  h i s  
e x p e r t s )  shou ld  a l s o  have a  f a i r  unde r s t and ing  o f  t h e  model 
and an  i n t e r e s t  i n  t h e  d e s i g n  of p o s s i b l e  s c e n a r i o s .  Th i s  
could  p o s s i b l y  be  ach i eved  by i n v o l v i n g  t h e  d e c i s i o n  makers  
themselves  i n  t h e i r  c o n s t r u c t i o n .  The model c a n  never  be  a  
p r e s e n t a t i o n  of t h e  ( r e a l )  sys tem,  b u t  it shou ld  t r y  t o  be 
a  r e p r e s e n t a t i o n  of t h e  behav io r  of  t h e  sys tem.  
Model b u i l d e r s  shou ld  a l s o  be aware of  t h e  c o n s t r a i n t s  
on t h e  d e c i s i o n  make r s '  s i d e ;  e . g .  it i s  v e r y  d i f f i c u l t  t o  
f i n d  p o l i c y  i n s t r u m e n t s  which can  r a i s e  t h e  GNP growth r a t e .  
I t  i s  i m p o r t a n t  t o  t r y  t o  b u i l d  p o l i c y  i n s t r u m e n t s  t h a t  can  
be made a v a i l a b l e  t o  p o l i c y  makers  and t h a t  i n v o l v e  i n t e r -  
a c t i o n s  between a v a i l a b l e  sys tems and t h e  r e s u l t s  one wants  
t o  a c h i e v e .  Th i s  i s  n o t  on ly  t h e  c a s e  on t h e  n a t i o n a l  l e v e l ,  
b u t  cou ld  a l s o  be  a p p l i e d  t o  t h e  r e g i o n a l  l e v e l  a s  p rov ided  
by t h e  Mesa rov ic -Pes t e l  model.  
On t h e  one  hand, it makes s e n s e  t o  t r y  t o  endogenize  
many v a r i a b l e s ,  i n c l u d i n g  p o l i t i c a l  and s o c i a l  v a l u e s  
( o f  h i g h e r  s t r a t a ) ;  on  t h e  o t h e r  hand,  i n s t r u m e n t  v a r i a b l e s  
shou ld  be  exogenized ,  however, w i t h  c a u t i o n .  
I n c r e a s i n g l y ,  t h e  C i v i l  S e r v i c e  i s  becoming aware o f  
t h e  v a l u e  o f  u s i n g  models  a s  a d v i c e  t o  p o l i t i c i a n s .  To 
b r i d g e  t h e  gap  t h a t  s t i l l  e x i s t s ,  model b u i l d e r s  should  n o t  
e x p e c t  p o l i t i c i a n s  t o  l e a r n  e v e r y t h i n g  a b o u t  t h e  models ,  
b u t  r a t h e r  should  themselves  l e a r n  t o  t h i n k  and speak i n  te rms  
o f  t h e  p o l i t i c i a n s '  problems,  o r ,  even more i m p o r t a n t ,  i n  
t e rms  of t h e  ave rage  c i t i z e n .  I f ,  f o r  i n s t a n c e ,  peop le  y e a r n  
f o r  peace ,  s e c u r i t y , a n d  a  h i g h e r  q u a l i t y  of  l i f e ,  q u a n t i t a t i v e  
models ,  a l o n e ,  c a n n o t  p r o v i d e  t h e  answer. These q u a l i t a t i v e  
a s p e c t s  shou ld  p r o v i d e  a  f o u n d a t i o n  f o r  q u a n t i t a t i v e  v a r i a b l e s .  
Model b u i l d e r s  s h o u l d  a l s o  f o r g e t  t h e i r  s c i e n t i f i c  
c a u t i o n .  I f  t h e y  n e v e r  r e l e a s e  a  s t a t e m e n t  u n l e s s  it i s  99% 
c e r t a i n ,  t h e y  would l e a v e  t h e  a r e n a  f r e e  t o  c h a r l a t a n s  w i t h  
a  much lower  l e v e l  o f  i n f o r m a t i o n .  
L i m i t s  t o  Modell inq 
Models can neve r  p r e d i c t  t h e  one  and o n l y  f u t u r e .  I n  
t h i s  s e n s e ,  models w i l l  a lways be  wrong. They s e r v e  r a t h e r  
t o  i l l u m i n a t e  i n t e r c o n n e c t e d  developments .  
I n  t h e  n a t u r a l  s c i e n c e s  c o n t r o l  t h e o r y  was s u c c e s s f u l  
i n  s a t i s f a c t o r i l y  d e s c r i b i n g  s imp le  sys t ems ,  b u t  it canno t  
be  deduced t h a t  it i s  capab le  o f  d e p i c t i n g  s u f f i c i e n t l y  w e l l  
f a r  more compl ica ted  s o c i a l  sys tems.  I n  p a r t i c u l a r ,  s o c i o -  
economic models should  c l e a r l y  s t a t e  t h e  v a l u e s  t h a t  t h e y  
a r e  ( o f t e n  t a c i t l y )  based  upon. I f  t h e s e  v a l u e s  and t h e  
t h e o r y  u n d e r l y i n g  t h e  model s t r u c t u r e s  were c l e a r l y  e x p r e s s e d ,  
many misunde r s t and ings  cou ld  be avoided .  The Mesa rov ic -Pes t e l  
model,  it was c l a imed ,  does  n o t  r e f l e c t  such  d imens ions  a s  
p o l i t i c s ,  p o v e r t y ,  o r  power ( e . g .  t h e  m u l t i n a t i o n a l  c o r p o r a t i o n s  
who might  c o n t r o l  803 of  wor ld  t r a d e  by t h e  yea r  2 0 0 0 ) .  From 
i t s  b a s i c  concep t ,  however, t h e  model i s  d e f i n e d  i n  a  way 
such a s  t o  admi t  i n c o r p o r a t i o n  o f  such  a  norms s t r a t u m .  The 
model a s  ~t s t a n d s  now i s  c e r t a i n l y  n o t  t h e  l a s t  s t e p  o f  
development .  
S t a t i s  t i c a l  Accuracy 
A t  f i r s t  g l a n c e ,  a l l  f u n c t i o n a l  r e l a t i o n s h i p s  i n  t h i s  
model a r e  of  a  d e t e r m i n i s t i c  k ind .  P a r t  o f  t h e  u n c e r t a i n t y  
o f  t h e  f o r e c a s t s  could  b e  exp re s sed  by i n t r o d u c i n g  a  v a r i a n c e .  
I t  was p o i n t e d  o u t  t h a t  P r o f .  Blankenship  would t a k e  up t h e  
t o p i c  ( a n a l y s i s  of  t h e  s t a t i s t i c a l  e r r o r )  t h e  n e x t  day.  
I n t r o d u c i n g  a  v a r i a n c e ,  however, makes t h e  model ex t r eme ly  
f u z z y ,  even  ove r  a  medium range .  Experiments  c a r r i e d  o u t  
i n  t h e  UK (McPherson),  assuming a  90% accu racy  ove r  a  g i v e n  
p e r i o d ,  no l o n g e r  r e s u l t e d  i n  a  t a n g i b l e  answer a f t e r  f o u r  
of f i v e  such  p e r i o d s .  I t  seems b e t t e r ,  t h e r e f o r e ,  t o  s t i c k  
t o  d e t e r m i n i s t i c  r e l a t i o n s ,  i n  f u l l  awareness  of  t h e i r  
l i m i t a t i o n s  . 
To t e s t  t h e  s e n s i t i v i t y  o f  t h e  model,  one  many v a r y  one 
va r i - ab l e  a t  a  t ime .  T h i s  d o e s  n o t ,  however, t a k e  c a r e  o f  
p o s s i b l e  i n t e r a c t i v e  ( s y n e r g i s t i c )  e f f e c t s .  
Use of  E x p o n e n t i a l s  
There  was some d i s p u t e  a s  t o  what  e x t e n t  it makes s e n s e  
t o  e x p l i c i t l y  u s e  e x p o n e n t i a l s  i n  c e r t a i n  f u n c t i o n s .  I t  
is  obv ious  t h a t  no development  can  go  on i n  an  e x p o n e n t i a l  
way f o r e v e r .  Fo r  a  medium range  f o r e c a s t ,  an  e x p o n e n t i a l  
seems p e r m i s s i b l e  i n s o f a r  a s  i t  is  n o t  t o o  d i f f e r e n t  from 
t h e  lower b ranch  of  a  l o g i s t i c  cu rve .  H i s t o r i c a l  d a t a ,  e . g .  
on a g r i c u l t u r a l  f e r t i l i t y ,  have shown t h a t  e x p o n e n t i a l s  
d e p i c t  t r u e  developments  f o r  s u r p r i s i n g l y  l o n g  p e r i o d s  o f  
t ime . 
P r i c e  and Cos t  
The model does  n o t  d i f f e r e n t i a t e  t o o  w e l l  a s  t o  p r i c e s  
and c o s t s .  Fur thermore ,  some v a r i a b l e s  ( l i k e  energy  demand) 
a r e  de te rmined  s o l e l y  by c o s t  and n o t  by ( p h y s i c a l )  a v a i l -  
a b i l i t y .  
Conclus ion  
I n  h i s  conc lud ing  remarks ,  P r o f .  P e s t e l  s t r e s s e d  a g a i n  
t h e  n e c e s s i t y  t o  t r y  t o  speak t h e  language  o f  t h e  u s e r  of 
a  model,  and t o  unde r s t and  h i s  concern ;  t h i s  would b e  t h e  
q u i c k e s t  way t o  a  more widespread  u s e  o f  models .  
Discussion on 
"Scenario Type Analysis" 
by Prof. P. Gille and Prof. T. Shook 
Prof. Mesarovic introduced the discussion topic, and 
he then focused on problems involved in using the model, 
especially on those of software problems, implementation, 
and the methods of analysis. 
Prof. Gille presented the two possible ways of 
analysis in his lecture: 
1) Scenario analysis; and 
2) Interactive mode analysis. 
In scenario analysis he noted that: 
a) certain assumptions must be made about future 
development; 
b) it is necessary to identify what the special 
concern is; 
C) a time horizon must be specified; and 
d) certain boundaries must be set. 
Formulation of the scenario is the task of the expert, 
and the problem is simply how to implement what the expert 
recommends. The implementation is made easy by the data 
structure and by the software available. A data bank 
consisting of primary, secondary, and trans-generated data 
is already organized, and different submodels also already 
exist: e.g. energy, economy, technology, food, population, 
resources, etc. 
When building up a scenario, generally only parts of 
the different models are needed. So a new model is composed 
for the specific issue from the data bank. The programs 
for doing this are available. The necessity of a computer 
language that can be used both by the computer and by the 
person who will have to use the data afterward was 
acknowledged. In order to make efficient use of the 
computer, man and the machine must be able to interact 
in a certain way. 
D r .  F r i t s c h  po in t ed  o u t  t h a t  i f  t h e  model must b e  
handled  a s  a  t o o l  f o r  c r i s e s  management and immediate 
answers a r e  r e q u i r e d ,  t h e  t ime  f o r  c o n s t r u c t i n g  such  a  
model i s  very  s h o r t .  P r o f .  Mesarovic s t r e s s e d  t h e  need 
t o  be  a b l e  t o  p r e d i c t  c r i s i s  s i t u a t i o n s  by means o f  t h e  
models. They were f l e x i b l e  i n  t h i s  r e s p e c t .  The 
procedure  used was, i n  e s s e n c e ,  t o  assemble a  s e r i e s  o f  
r e l a t i o n s h i p s  and d a t a  o u t  of  which a  p rob lem-spec i f i c  
model could  be  c o n s t r u c t e d  t o  de termine  what i s  t h e  
moat impor t an t  o f  t h e  i s s u e s .  P r o f .  K le in  argued t h a t  it 
was n o t  neces sa ry  t o  c o n s t r u c t  a  new model a t  t h e  t ime of 
c r i s i s ,  because  by simply changing t h e  i n p u t s  t o  t h e  
model and r e - s imula t ing ,  t h e  model would g i v e  a l l  t h e  
necesaa ry  i n d j . c a t i o n s .  The changes cou ld  b e  e f f e c t e d  i n  
two days .  
The d i s c u s s i o n  then  t u r n e d  t o  t h e  q u e s t i o n  o f  
a p p l i c a t i o n  of  t h e  models by i n d i v i d u a l s  and i n s t i t u t i o n s  
o u t s i d e  t h e  r e s e a r c h  community. P r o f .  P e s t e l  i n d i c a t e d  
t h a t  b r i e f i n g  meet ings  w i t h  p o l i c y  and d e c i s i o n  makers 
were p lanned.  P r o f .  P e s t e l  informed t h e  confe rence  t h a t  
h e  planned a  s e p a r a t e  meeting f o r  t h e  p o l i c y  and d e c i s i o n  
makers on t h e  q u e s t i o n s  of concern  t o  them. D r .  C a r l o s  
Mallmann sugges t ed  t h a t  u s e r s  o f  t h e  models i n  t h e  developing  
r e g i o n s  might f i n d  t h e i r  s t r u c t u r e  a l i e n  t o  them. P r o f .  
P e s t e l  p o i n t e d  o u t  t h a t  i f  p a r t i c u l a r  r e g i o n a l  u s e r s  
found t h e  d a t a  b i a s e d ,  t hey  could  use  t h e i r  own d a t a .  
O the r  p a r t i c i p a n t s  s t r e s s e d  t h e  importance of  i n t e r a c t i o n s  
a t  a l l  l e v e l s  and t h e  t a c t i c a l  problems invo lved .  
F u r t h e r  comments were addres sed  t o  t h e  problem of 
t h e  t ime span covered  by t h e  models. I t  was p o i n t e d  o u t  
t h a t  d i f f e r e n t  i s s u e s  invo lved  d i f f e r e n t  t ime  s p a n s ,  b u t  
t h a t  t h e  l o n g e r  t h e  t ime span t h e  c o a r s e r  t h e  model. 
Discussion on Global Modell ing 
Prof .  P e s t e l  opened t h e  meeting by say ing  t h a t  
P ro f .  Kle in  had been p ress ing  f o r  t h i s  d i s c u s s i o n .  On 
t h e  whole, t h e  d i scuss ion  i s  g e n e r a l l y  cen te red  on t h e  
modell ing p r o j e c t ,  and Prof .  Kle in  was asked t o  begin .  
P ro f .  Klein s a i d  t h a t  t h e  mot ivat ion f o r  sugges t ing  
t h i s  meeting stemmed from a  proposal  made i n  1973 t h a t  
I I A S A  should organize  s e v e r a l  such conferences .  This  
implied t h a t  t h e r e  could be o t h e r  approaches t o  g l o b a l  
modell ing.  
During t h e  previous  two days a  p a r t i c u l a r  way of 
i m p l e ~ ~ e n t i n g  a  g l o b a l  model p r o j e c t  had been p resen ted .  
However, i f  anyone e l s e  was s t a r t i n g  o u t  from s c r a t c h ,  
they may have a  d i f f e r e n t  procedure.  He had t h r e e  
pe r sona l  i d e a s  f o r  approach: 
1) t o  use t h e  t r a d i t i o n a l  approach of economics 
and econometrics,  i . e .  t o  f i r s t  o b t a i n  a  body 
of d a t a  ( h i s t o r i c a l  o r  p resen t  s t r u c t u r e )  and 
t o  f i t  a  s t r u c t u r e d  model of d i f f e r e n t  
p rocesses ,  and then s tudy  h i s t o r i c a l  and 
t e c h n i c a l  performances be fo re  e x t r a p o l a t i o n ;  
2 )  t o  use  t e c h n i c a l  in fo rmat ion ,  e . g .  from 
eng ineer ing  and agronomy r e l a t i n g  t o  how 
c e r t a i n  world p rocesses  work, o r  a  mixture 
of t h e  two; and 
3) t o  b u i l d  up very  loose  r e l a t i o n s h i p s  such as  
age-spec i f i c  f e r t i l i t y  and m o r t a l i t y  r a t e ,  
which reproduce h i s t o r y ,  and then pu t  i n  what- 
e v e r  va lues  r e q u i r e  t o  be t e s t e d .  
P r o f .  P e s t e l  added t h a t  t h e  h i s t o r y  of t h e  p r o j e c t  had 
u n d ~ r g o n e  s e v e r a l  mutations dur ing t h e  process  of i t s  
e v a l u a t i o n :  f o r  example, from t h e  d i f f e r e n t  approaches 
( t h e o r e t i c a l ,  op t imiza t ion ,  e t c . )  t h e  p r e s e n t  pragmatic 
approach was chosen. Prof .  Abkin gave informat ion about 
t h e  Korean model and emphasized t h e  problems of c o l l e c t i n g  
d a t a .  P ro f .  P e s t e l  considered t h a t  i t  was p o s s i b l e  t o  
b u i l d  a  model a s  a  mental c o n s t r u c t i o n  i n t o  which an image 
of a  r e a l  system can be p r o j e c t e d ,  r e g a r d l e s s  of t h e  
a v a i l a b i l i t y  of  d a t a .  Data cannot be found i n  t h i s  c a s e  
because they have been c o l l e c t e d  and compiled under a  
d i f f e r e n t  image of t h e  system. When new s t a t i s t i c s  a r e  
compiled i n  an a r e a ,  t h e  f i r s t  t a s k  should be t o  c o n s t r u c t  
an image of t h a t  system i n  o r d e r  t o  have t h e  r i g h t  d a t a .  
General ly  one must compromise: i t  i s  imposs ible  t o  c o n s t r u c t  
a  model f o r  which t h e r e  is no d a t a ,  and s o  one has  t o  s t a y  
w i t h i n  t h e  boundar ies  provided by t h e  d a t a ,  wi thou t  
s a c r i f i c i n g  t h e  mental p i c t u r e .  
A f t e r  some remarks by a  p a r t i c i p a n t  about t h e  p o s s i b i l i t y  
of i n t e g r a t i n g  d i f f e r e n t  methodological  approaches,  P ro f .  
~ e i s z a c k e r  asked t o  what degree  could  p a s t  c a t a s t r o p h i c  
even t s  (such a s  t h e  two World Wars) be i d e n t i f i e d .  P r o f .  
P e s t e l  r e p l i e d  t h a t  a  war cannot  be  predict-ed by t h e  model. 
I f  some a l t e r n a t i v e  d e c i s i o n s  were t r i e d  i n  t h e  model, 
c e r t a i n  developments would be seen t h a t  could  l a t e r  on be 
i n t e r p r e t e d  a s  such.  Vast masses of unemployment and 
i n d i c a t i o n s  of s t a r v a t i o n  can imply t h a t  t h e r e  i s  a  region 
of g r e a t  i n s t a b i l i t y ,  bu t  one cou ld  n o t  say what t h i s  
a c t u a l l y  l e a d s  t o .  
P ro f .  Labys s a i d  t h a t  dur ing  t h e  course  of t h i s  p r o j e c t  
someone should  very s e r i o u s l y  look a t  t h e  ques t ion  of 
v a l i d a t i o n  and do some t h e o r e t i c a l  work on v a l i d a t i n g  t h e s e  
types  of models. According t o  P e s t e l  t h e  l e c t u r e  of 
Blankenship w i l l  answer t h i s  ques t ion .  Never the less ,  though 
t h e  f u t u r e  i s  t o  a  c e r t a i n  e x t e n t  condi t ioned by t h e  p a s t ,  
t h e  p a s t  i s  a c t u a l l y  no guide  t o  t h e  f u t u r e .  P r o f .  Labys 
argued t h a t  i n  t h e  p r o f e s s i o n a l  f i e l d  of model b u i l d i n g  
it i s  necessary  t o  v a l i d a t e ;  o therwise  i t  i s  impossible 
t o  judge t h e  q u a l i t y  of t h e  work. A s h o r t  d i s c u s s i o n  between 
P r o f e s s o r s  Peschel  and P e s t e l  followed about  t h e  e x t r a -  
p o l a t i o n  of f u t u r e  development. 
D r .  Shubik s a i d  t h a t  concerning t h e  doomsday pre- 
d i c t i o n s  and c r i s e s  a n a l y s i s  t h e r e  a r e  t h r e e  t h i n g s  t o  
be considered:  
1) percep t ion  of t h e  problem; 
2 )  dimensional  a n a l y s i s  of v a r i a b l e s  of  t h e  problems; 
and 
3 )  s e n s i t i v i t y  a n a l y s i s  of t h e  models. 
He gave an example o f  how the  crime r d t e  appeared t o  be 
r i s i n g  a l though read ing  back through h i s t o r y  i t  would appear 
t h a t  only  t h e  repor ted  crime i s  i n c r e a s i n g .  The problem i s  
i n  t h e  pe rcep tua l  mechanism and t h e  q u a l i t y  of a n a l y s i s .  I t  
i s  p r e c i s e l y  i n  t h i s  a r e a  t h a t  we have t o  f a c e  up t o  problems 
of how we go i n t o  model s p e c i f i c a t i o n  and i n t e r a c t i v e  proce- 
dures .  
P r o f .  Demirdache asked i f  con£ l i c t  s i t u a t i o n s  a r e  
r e f l e c t e d  i n  t h e  model o r  n o t .  P ro f .  P e s t e l  answered t h a t  
i n  a l i m i t e d  way it i s  done. A d i s c u s s i o n  followed 
concerning t h e  h i s t o r i c a l  v a l i d a t i o n  between Professors  
Demirdache, Kle in ,  Rademaker, and Cole. P r o f .  Kumon 
then s t r e s s e d  t h e  importance of  deciding what type  of 
model t o  use  i n  every  s p e c i a l  c a s e .  P ro f .  Mottek spoke 
about t h e  n e c e s s i t y  of having a r esea rch  s t r a t e g y .  
According t o  Prof .  Rabar ' s  remark, whi le  t h e  F o r r e s t e r -  
Meadows model was overdetermined,  t h i s  new model is under- 
determined by g iv ing  too  many op t ions  t o  t h e  use r .  P r o f .  
P e s t e l  r e f e r r e d  t o  the  fo l lowing meeting which w i l l  make 
every th ing  c l e a r .  
D i s c u s s i o n  on 
"Ergonomics o f  Man-Machine I n t e r a c t i o n "  
by  P r o f .  J. K l a b b e r s  
P r o f .  K l a b b e r s '  p r e s e n t a t i o n  d e a l t  w i t h  t h e  " i n t e r -  
a c t i v e  mode" aria-lysis a s  opposed  t o  t h e  s c e n a r i o  t y p e  
d i s c u s s e d  i n  t h e  e a r l i e r  s e s s i o n .  P a r t i c u l a r l y ,  h i s  
work f o c u s e d  on t h e  human macFine c o n f i g u r a t i o n  i n  which 
t h e  human b e i n 5  p r o v i d e d  judgment gu ided  by norms and 
v a l u e s ,  and t h e  computer  program p r o v i d e d  l o g i c a l  and 
n u m e r i c a l  o p e r a t i o n .  Thus t h e  computer  i s  programmed 
w i t h  a  c a u s a l  s t r a t u m  a s  w e l l  a s  a  d e c i s i o n  s t r a t u m .  
The f u n c t i o n i n g ,  o r  p r o c e s s ,  o f  t h e  human-machine 
dec i s ion-making  sy s t em was i l l u s t r a t e d  w i t h  a  s e r i e s  o f  
ove rhead  p r o j e c t i o n s  showing f i r s t  t h e  g e n e r a l  " i ndex  
o f  h i e r a r c h y "  c o n s i s t i n g  o f  t h e :  
1) g o a l  l a y e r ;  
2 )  p o l i c y  l a y e r ;  
3 )  s t r a t e g i c  l a y e r ;  
4 )  t a c t i c a l  l a y e r ;  and t h e  
5 )  imp lemen ta t i on  l a y e r .  
These  i n d i c e s  were f u r t h e r  d e f i n e d ,  showing t h e  v a r i o u s  
r e s p o n s e s  i n h e r e n t  a t  t h e  v a r i o u s  " l a y e r s " :  i . e .  t h e  
" g o a l  l a y e r "  h a s  an  i nd ex  t o  h i e r a r c h y  showing economic 
g rowth ,  min imal  i n t e r f e r e n c e  ( change )  , and e n v i r o n m e n t a l  
enhancement ,  and s o  on .  The h i e r a r c h y  s h o u l d  b e  c o n s t r u c t e d  
i n  such  a  way t h a t  s e a r c h - t i m e  is minimized .  The d i f f e r e n t  
p o s s i b i l i t i e s  s h o u l d  t h e n  b e  a s  few a s  p o s s i b l e ,  and  a  
p a r t - p r e d i c t i o n  w i l l  b e  r e q u i r e d .  The i n p u t s  m igh t  b e  
changed and some d e c i s i o n s  c o u l d  b e  t a k e n  d u r i n g  t h e  r u n .  
Some d e c i s i o n s  w i l l  n a t u r a l l y  b e  implemented.  T he r e  must  
b e  a s p e c i f i e d  l e v e l  f o r  t h e  v a r i a b l e s  f rom which  t h e y  
c o u l d  i n f l u e n c e  t h e  d e c i s i o n s .  I n  o r d e r  t o  b e  a b l e  t o  
e v a l u a t e  human dec i s ion-making  and p l a n n i n g  p r o p e r l y ,  
it was emphasized t h a t  one  h a s  t o  b e  s u r e  t h a t  t h e  i n t e r -  
f a c e ,  a s  s u c h ,  does  n o t  i n t e r f e r e  w i t h  t h e  a c t u a l  t a s k ,  
i . e .  p l a n n i n g  t h e  e v o l u t i o n  o f  t h e  s y s t em unde r  c o n s i d e r a t i o n  
P r o f .  K l a b b e r s  went  on t o  d i s c u s s  t h e  a s p e c t s  o f  
i n f o r m a t i o n  r e t r i e v a l  f rom t h e  p o i n t  o f  v iew o f  t h e  
o b j e c t i v e s  o f  t h e  human dec i s i on - make r  i n  p l a n n i n g  t h e  
f u t u r e  deve lopments  o f  t h e  s y s t em.  H e  f o l l owed  t h i s  up 
w i t h  a  b r i e f  d e f i n i t i o n  o f  t h e  t a s k  o f  t h e  i n t e r a c t o r ,  
and  an  e x p l a n a t i o n  c f  t h e  c o n t r o l  s k i l l s  n e c e s s a r y  i n  
c o n t r o l l i n g  a complex s o c i a l  s y s t em.  
I n  t h e  d i s c u s s i o n  o f  "decision-maker d i s p l a y  
i n t e r a c t i o n , "  t h e  work on computer i n t e r f a c e  developed 
and a p p l i e d  by Thompson (1971) and C laue r  (1972) was 
used  a s  an example. D r .  Coales  d i s c e r n e d  a  number of  
p o i n t s  r e l a t i n g  t o  t h e  a c t u a l  f u n c t i o n i n g  of  t h e  i n t e r -  
a c t i v e  sys tem and t h e  p r i n c i p l e  i nvo lved .  Cons ide r ing  
t h e  in fo rma t ion  r e t r i e v a l  a s p e c t s ,  h e  was concerned w i t h  
whether  t h e  system had t h e  f a c i l i t y  f o r  go ing  r i g h t  back 
t o  t h e  beginning .  He cons ide red  t h i s  a s  a  p a r t i c u l a r l y  
fundamental  q u e s t i o n .  P r o f .  Richardson i n  r e p l y  po in t ed  
o u t  t h a t  t h e  v a r i a b l e s  which c h a r a c t e r i z e d  t h e  i n c i d e n c e s  
were q u i t e  d i f f e r e n t .  The v a r i a b l e s  i n  c o n t r o l  i n t e r -  
f a c e s  were t h o s e  which cou ld  be man ipu la t ed ,  a t  l e a s t  i n  
t h a t  s e n s e  t h e  d i s t i n c t i o n  was meaningful .  A f t e r  a  b r i e f  
d i s c u s s i o n  t h e  p r e s e n t a t i o n  of  P r o f .  Rechenmann fo l lowed.  
The sys tem of c o o p e r a t i v e  work between man and computer 
was d e s c r i b e d  by P r o f .  Rechenmann. B a s i c a l l y ,  a  d i v i s i o n  
l a b o r  i s  made between t h e  two; man makes t h e  d e c i s i o n s  on 
v a l u e s ,  p r i o r i t i e s ,  c o s t s ,  and t h e  l e v e l  o f  r i s k s  t o  be 
t a k e n ,  and t h e  computer i n d i c a t e s  t h e  b r e a d t h  o f  c h o i c e s  
and l i k e l y  consequences.  The computer component of  t h i s  
team i s  comprised of  a d e c i s i o n  s t r a t u m ,  where t h e  v a r i o u s  
f u n c t i o n s  performed i n  t h e  p r o c e s s  of  a r r i v i n g  a t  a  
d e c i s i o n  and t h e  c o n d i t i o n s  and c o n s t r a i n t s  under  which 
t h o s e  d e z i s i o n s  a r e  made, a r e  modelled,  and t h e  c a u s a l  
s t r a t u m  which r e p r e s e n t s  t h e  model of  t h e  r e g i o n a l  
economy and t h e  b a s i c  energy  r e l a t i o n s h i p s .  T h i s  model 
reproduces  t h e  e v o l u t i o n  of  t h e  b a s i c  economic p r o c e s s e s  
and f u n c t i o n s  of t h e  economy ove r  t i m e :  p r o d u c t i o n ,  
consumption (government and p u b l i c ) ,  expor t - impor t ,  
c a p i t a l  fo rma t ion ,  e t c .  
A f u r t h e r  d e f i n i t i o n  of t h e  d e c i s i o n  l e v e l  showed 
t h a t  it i s  composed of f o u r  l e v e l s ,  o r  d e c i s i o n  l a y e r s :  
t h e  g o a l  l a y e r ,  p o l i c y  l a y e r ,  s t r a t e g y  l a y e r ,  and 
implementa t ion  l a y e r .  Each l a y e r  o r  l e v e l  i s  a s s i g n e d  
a  s p e c i f i c  r o l e ,  w i t h  t h e  f u n c t i o n s  of  t h e  upper l a y e r s  
be ing  b roade r  and concerned w i t h  longe r  t ime p e r i o d s ,  
w h i l e  t h e  lower l a y e r s  a r e  more t e c h n i c a l  and concen- 
t r a t e  on immediate o b j e c t i v e s .  F i n a l  d e c i s i o n  is  
determined a s  a  f u n c t i o n i n g  of  t h e  c o o r d i n a t e d  r e sponse  
of  a l l  l a y e r s .  P r o f .  Rechenmann went t o  e x p l a i n  t h e  
r e s p o n s i b i l i t i e s  and c h a r a c t e r i s t i c s  of  each  l a y e r  i n  
d e t a i l .  
Communication by t h e  d e c i s  ion-maker w i t h  t h e  machine 
i s ,  of c o u r s e ,  t h e  prime i s s u e  i n  i n p u t i n g  commands and i n  
o b t a i n i n g  feedback from t h e  machine. For  t h e s e  purposes  
an  e l emen ta ry  command language  has  been implemented. 
There  was some d i s c u s s i o n  o f  t h e  dec i s ion -make r ' s  r o l e  
i n  " r e q u e s t i n g "  and " i n s t r u c t i n g "  t h e  machine,  and o f  
t h e  compu te r ' s  method o f  r e spond ing  i n  a  n a t u r a l  l anguage  
w i t h  d e s i r e d  g raphs  and d a t a .  While " r e q u e s t s '  on t h e  
p a r t  o f  t h e  decision-maker a r e  g e n e r a l l y  a  s e t  o f  p o l i c y  
a l t e r n a t i v e s  o r  a c t i o n s  a v a i l a b l e ,  " i n s t r u c t e d "  i n p u t s  
a r e  p r i m a r i l y  d e c i s i o n s  on p o l i c i e s ,  a c t i o n s ,  p a r a m e t e r s ,  
on implementa t ion  o r  on r e t u r n  t o  a  p r e v i o u s  s t a g e  f o r  
a d d i t i o n a l  c o n s i d e r a t i o n s .  Some o f  t h e  problems 
encoun te red  i n  t h i s  language  and i n t e r a c t i o n  sys t em 
between man and computer were f u r t h e r  d i s c u s s e d  by P r o f .  
Rechenmann . 
D r .  Mermet began h i s  p r e s e n t a t i o n  by making some 
g e n e r a l  remarks abou t  t h e  g o a l  and s p e c i f i c a t i o n  o f  
s o p h i s t i c a t e d  s o f t w a r e  t o o l s .  He f e l t  i t  was n e c e s s a r y  
t o  make a  d i s t i n c t i o n  betweeil t h e  pe r son  who b u i l d s  t h e  
s o f t w a r e  t o o l s  and t h e  p e r s a n  who must u l t i m a t e l y  u se  
t h e s e  t o o l s  t.o b u i l d  models .  Work i n  t h e  computer can  b e  
compiled i n  two ways: 
1) by programs; and 
2) by d e s c r i p k i o n .  
The impor tance  of s y n t a x  and s y n t a c t i c a l  d e s c r i p t i o n  was 
s t r e s s e d .  
I n  t h e  d i s c u s s i o n  of h i s  p r e s e n t a t i o n ,  D r .  Mermet 
d e a l t  i n  p a r t i c u l a r  w i t h :  
1) t h e  g o a l  and s p e c i f i c a t i o n s  o f  t h e  s o f t w a r e  t o o l s ;  
2)  t h e  s t r u c t u r e  o f  t h e  s i m u l a t i o n  sys t ems ;  
3 )  d e s c r i p t i v e  languages ;  
4 )  d a t a  base  management: SOCRATE; 
5 )  t h e  k i n d s  of  s c e n a r i o  languages ;  and 
6 )  t h e  i n t e r a c t i v e  sys t em/mul t i -u se r ,  mul t i -models ,  
m u l t i - p r o c e s s o r ,  sy s t ems .  
He a l s o  i n c l u d e d  some g e n e r a l  i d e n t i f i c a t i o n s  of  p rocedure  
h i e r a r c h y ,  a s  g iven  i n  t h e  Mesarovic books.  H ie ra rchy  was 
d e f i n e d  a s  " an  o r i e n t e d  network w i t h o u t  a  c y c l e . "  
E x p l a n a t i o n s  were o f f e r e d  f o r  "Precedence  H i e r a r c h y , "  which 
can  b e  d e s c r i b e d  a s  an  i n t e r c o n n e c t e d  s e t  o f  sub-systems 
forming a  network wi thou t  a  c y c l e ,  and " I n c l u s i o n  
Hie ra rchy , "  i n  which each p a r t  of t h e  d e s c r i b e d  system 
may be d i v i d e d  i n t o  sub-pa r t s ,  t he reby  g i v i n g  a  r e l a t i o n  
of o r d e r .  I n t e r - s t r a t a  connect ion  and p h y s i c a l  s t r a t a  
were cons ide red  a s  a c o t h e r  impor tant  dimension. 
On t h e  m a t t e r  of t iming and t h e  problem of t ime 
g e n e r a l l y ,  it i s  considered necessary  t o  d e s c r i b e  t h e  
p a r a l l e l i s m  between t h e  s t r a t a .  D r .  Mermet po in ted  out  
t h e  doub t fu lness  of  be ing a b l e  t o  d e f i n e  one computer 
language f o r  a l l  models, and s a i d  t h a t ,  r a t h e r ,  an 
a r b i t r a r y  s e t  of  i n i t i a l  i n s t r u c t i o n s  w i l l  be de f ined .  
A diagram of "Data Base Management'' r e l a t i n g  t h e  
computers of  Grenoble, Hannover, and Cleveland was 
supplemented by a  d i s c u s s i o n  o f  t h e  problem of d a t a  base 
management, which i s  considered a s  one of t h e  most 
c r u c i a l .  A s h o r t  d i s c u s s i o n  followed between Pro fesso r s  
Coales ,  Mesarovic, and Mermet about  how t h e  h ie ra rchy  
i s  r e p r e s e n t e d  i n  t h e  model. Some a d d i t i o n a l  remarks 
wece made by P r o f e s s o r s  Her re ra ,  Hughes, Mallmann, 
McPherson, and o thezs  concerning t h e  i n t e r c o n n e c t i o n  
between t h e  s e c t o r s ,  r eg ions ,  and s t r a t a .  These 
connect ions  were n o t  c l e a r l y  exp la ined .  A f t e r  some 
e x p l a n a t i o n s  of  P r o f .  Mesarovic t h e  meeting was 
adjourned.  
D i s c u s s i o n  on  
"The Environmental  ImDact Model" 
P r o f .  H a f e l e  opened t h e  d i s c u s s i o n  by r e f e r r i n g  t o  h i s  
e a r l i e r  s t a t e m e n t  t h a t  t h e  models  p r e s e n t e d  were t o o  r e s o u r c e  
o r i e n t e d .  Fu r the rmore ,  he  f e l t  t h a t  env i ronmen ta l  cons ide ra -  
t i o n s  and a s se s smen t s  should  b e  p u t  b e f o r e  t h e  r e s o u r c e  
q u e s t i o n s .  P r o f .  P e s t e l  responded by s t a t i n g  t h a t  P r o f .  H z f e l e ' s  
view i s  a m a t t e r  o f  p e r s o n a l  judgment and t h a t  h e  f e e l s  t h e r e  
e x i s t  a c u t e  r e s o u r c e  problems today  which w i l l  o n l y  become 
worse i n  t h e  f u t u r e .  P r o f .  Mesarovic ,  i n  r e sponse  t o  
P r o f .  H a f e l e ' s  q u e s t i o n ,  exp re s sed  t h e  i d e a  t h a t  one  must 
l ook  a t  t h e  whole s t r a t a .  He f e l t  t h a t  t h e  i s s u e s  between 
r e s o u r c e s  and t h e  environment  would become more impor t an t  
a f t e r  t h e  y e a r  2000. He exp res sed  t h e  need t o  f a c e  t h e  problems 
o f  t i m e  immedia te ly .  
P r o f .  F r i t s c h  exp res sed  t h e  f e e l i n g  t h a t  t h e  s t r a t e g i c  
i s s u e  i s  t h e  c a r r y i n g  c a p a c i t y  o f  t h e  ecosys tems.  These 
ecosys t ems ,  h e  f e e l s ,  a r e  t h e  s u p e r - r e s o u r c e s  o f  mankind. 
P r o f .  Mesarovic responded by s t a t i n g  t h a t  t h e y  a r e  concerned 
w i t h  t h e  r e s o u r c e  q u e s t i o n ,  and what w i l l  be  l i m i t e d  i n  t h e  
s h o r t  run .  P r o f .  P e s t e l  added t h a t  it would b e  u s e f u l  t o  
d i s c u s s  t h e  t ime q u e s t i o n .  
P r o f .  Ha fe l e  s t a t e d  t h a t  t h i s  group a t  IIASA ag reed  
t h a t  most  o f  t h e  s e r i o u s  problems beg in  a f t e r  t h e  y e a r  2000, 
and t h a t  governments should  s t a r t  p r e p a r i n g  t o  meet  t h e s e  
problems by 1985 o r  1990. I n  o r d e r  t o  e v a l u a t e  t h e  a c c e p t -  
a b i l i t y  o f  something i n  2000, you must  b e g i n  t o  d o  something 
now. 
P r o f .  Mottek e x p r e s s e d  t h e  i d e a  t h a t  r e g i o n a l  impact  
on  t h e  envi ronment  was a  c r i t i c a l  i s s u e .  Envi ronmenta l  
q u e s t i o n s  s t a r t  l o c a l l y  b u t  s p r e a d ,  and a f f e c t  broad  a r e a s  
i n c l u d i n g  b o t h  t h e  i n d u s t r i a l i z e d  and n o n - i n d u s t r i a l i z e d  
a r e a s .  He s t a t e d  t h a t  t h e  env i ronmen ta l  decay  i s  a lmos t  
i n s t a n t ,  and r e s e a r c h  i n t o  i t s  impact  upon t h e  c l i m a t e  and 
human a c t i v i t i e s  i s  v i t a l .  We should  n o t  w a i t  f o r  t h e  y e a r  
2000. P r o f .  P e s t e l  responded by s t a t i n g  t h a t  t h e  e m i s s i o n s  
due t o  ene rgy  p r o d u c t i o n  r a i s e s  env i ronmen ta l  c o n s i d e r a t i o n s  
o f  a  d i f f e r e n t  n a t u r e .  Some energy  methods produce  env i ron -  
m e n t a l  e f f e c t s  beyond l o c a l i z e d  e f f e c t s .  Fo r  example,  P e s t e l  
f e e l s  t h a t  c o a l  w i l l  p l a y  a  l a r g e r  r o l e  d u r i n g  t h e  t r a n s i t i o n  
p e r i o d  up t o  t h e  y e a r  2000. 
P r o f .  R a i f f a ,  i n  r e sponse  t o  P ro f .  Mot tek ,  s t a t e d  t h a t  
IIASA i s  concerned w i t h  t h e  p r e s e n t ,  a s  w e l l  a s  t h e  y e a r  
2000. Some of t h e  approaches  be ing  s t u d i e d  i n c l u d e :  mon i to r ing  
sys t ems ,  l i n k a g e  between p o l l u t i o n  e f f e c t s ,  m o r t a l i t y ,  
f e r t i l i t y ,  e t c .  I t  i s  hoped t h a t  an i n t e g r a t e d  sys tems 
approach w i l l  make t h e  r e s e a r c h  more homogeneous. P r o f .  Hgfele 
a l s o  i n c l u d e d  t h a t  IIASA w i l l  soon beg in  look ing  a t  c l i m a t i c  
q u e s t i o n s .  
P r o f .  McPherson r a i s e d  t h e  i s s u e  a b o u t  s i n g l e  i s s u e  
models which g i v e  r i s e  t o  s e r i o u s  secondary  envi ronmenta l  
e f f e c t s  when a p p l i e d  i n  p l ann ing .  He gave t h e  High Aswan 
Dam on t h e  N i l e  River  and t h e  Irrawaddy Dam a s  examples. 
He asked whether  t h e  models p r e s e n t e d  w i l l  f i t  i n t o  a  " t o t a l "  
e c o l o g i c a l  model and expres sed  h i s  b e l i e f  t h a t  a  set  o f  
models does  n o t  c o n s t i t u t e  a  " t o t a l "  model. P r o f .  Mesarovic 
responded by s t a t i n g  t h e i r  concern  w i t h  t h e  g l o b a l  a s p e c t s .  
The s i n g l e - i s s u e  models were p r e s e n t e d  t o  show t h e  p r o g r e s s  
b e i n g  made. 
P r o f .  Mallmann s t a t e d  t h a t  t h e  i n t e g r a l  approach t o  
model l ing  shou ld  c o n c e n t r a t e  upon human needs  and ways t o  
s a t i s f y  t h e s e  needs .  The r e a l  problems,  he f e e l s ,  a r e  
r e l a t e d  t o  y e s t e r d a y  and today ,  n o t  t h e  y e a r  2000. People  
a r e  dying  today and we should c o n c e n t r a t e  o u r  e f f o r t s  on  
h e a l t h ,  e d u c a t i o n ,  hous ing ,  urban  problems,  e t c .  P r o f .  P e s t e l  
responded by s t a t i n g  t h a t  t hey  a r e  c o n c e n t r a t i n g  t h e i r  e f f o r t s  
on  t h e  t r a n s f o r m a t i o n  p e r i o d  o f  t h e  n e x t  twen ty - f ive  y e a r s .  
P r o f .  Clapham a l s o  responded by s t a t i n g  t h a t  t h e  long  
te rm problems a r e  t h e  impor t an t  problems. 
P r o f .  H a f e l e  r a i s e d  t h e  i s s u e  of  i d e n t i f y i n g  " r e s i l i e n c e  
pa rame te r s "  i n  e c o l o g i c a l  sys tems.  P r o f .  P e s t e l  responded 
t h a t  h e  f e l t  t h e i r  approach was t h e  c o r r e c t  approach and t h a t  
t h e y  were a s k i n g  t h e  r i g h t  q u e s t i o n s .  
P r o f .  Shubik recognized  t h e  d i f f i c u l t i e s  i n  hand l ing  
d e t a i l e d  t e c h n i c a l  q u e s t i o n s  c o n c e r n i n g - t h e  models ,  b u t  he 
wanted t o  know how they  planned t o  i n t e g r a t e  t h e  v a r i o u s  
modsls  i n t o  a  "world model" i n  a  way t h a t  he  c o u l d , o p e r a t i o n a l l y ,  
unde r s t and  them. 
S p e c i f i c a l l y ,  P r o f .  Shubik wanted t o  know t h e i r  i n s t i t u t i o n a l  
m a n i f e s t a t i o n s ,  i f  t hey  were t o  be  funded w i t h  $200 m i l l i o n .  
P r o f .  P e s t e l  responded t h a t  t h e y  cou ld  use  500 man y e a r s  o v e r  
t h e  n e x t  f i v e  y e a r s  t o  r e s o l v e  c e r t a i n  r e a l  i s s u e s  and t o  
a c h i e v e  i n t e g r a t i o n .  P ro f .  Mesarovic responded by s t a t i n g  
t h a t ,  i n h e r e n t  i n  S h u b i k ' s  q u e s t i o n ,  t h e r e  e x i s t  b a s i c  
i n t e l l e c t u a l  and concep tua l  i s s u e s .  A funding  l e v e l  of  
$200 m i l l i o n  would be  moving t o o  f a s t .  He would l i k e  t o  
g e t  academic ians ,  p o l i t i c i a n s ,  and dec is ion-makers  i nvo lved  
t o g e t h e r  i n  t h e  hope of  i n f l u e n c i n g  d e c i s i o n s .  
P r o f .  P e s t e l  added r e s e a r c h e r s  a r e  c o n s t a n t l y  l agg ing  
behind t h e  problems. One of t h e i r  o b j e c t i v e s  i s  t o  g e t  
ahead of t h e  problems,  b u t  t h i s  i s  d i f f i c u l t  s i n c e  t h i s  
i n v o l v e s  p u t t i n g  p r i o r i t i e s  on problems and i d e n t i f y i n g  t h e  
most impor tan t  s c e n a r i o s .  
Discussion on 
"Development of Norm Stratum Model" 
by D r .  H .  Bossel  and P r o f .  B .  Huqhes 
D r .  Masini pointed o u t  t h a t  t h e  r e s i s t a n c e  t o  changes 
i n  va lue  have t o  be taken i n t o  account ,  e s p e c i a l l y  i n  t h i s  
model, where it i s  attempted t o  f o r e c a s t  t h e  f u t u r e  and 
t h e  change i n  va lues .  D r .  Masini thought t h a t  it was t h e  
monitory v a r i a b l e s  t h a t  would be a b l e  t o  i n d i c a t e  t h e  
changes. 
P r o f .  Bonhoeffer s a i d  t h a t  norms a r e  a l s o  a  q u e s t i o n  
of s o c i a l  c o n f l i c t s .  Skipping these  i n t e r r e l a t i o n s  avoided 
almost  every  problem. He thought t h a t  c o n f l i c t  was t r e a t e d  
too  aggregated,  s i n c e  it may appear i n  t h e  model only  among 
reg ions ,  b u t  it should occur a l s o  wi th in  t h e  r e g i o n a l  
boundar ies .  
D r .  Bossel  answered t h a t  they were q u i t e  aware of t h e  
problem and t h a t  they were t r y i n g  t o  incorpora te  it i n t o  
t h e i r  model. The i r  nore  r e c e n t  concepts foresaw a  
normative and a  d e c i s i o n  s t r a t a  f o r  each i n t e r e s t  group 
involved i n  t h e  c o n f l i c t .  P r e s e n t l y  work was going on 
on a  r e s e a r c h  p r o j e c t  on c o n f l i c t  t o  s e e  what s t r a t e g i e s  
each group would s e l e c t .  
P r o f .  Coales found t h i s  t h e  most i n t e r e s t i n g  paper 
p resen ted  a t  t h e  conference .  He was i n t e r e s t e d  i n  t h e  
c r i t e r i a  used i n  choosing a  p o l i c y .  He put  t h r e e  q u e s t i o n s :  
1) Are a l l  q u a n t i t i e s  tu rned  i n t o  money terms? 
2 )  Are oppotuni ty  c o s t s  considered on a l t e r n a t i v e  
p o l i c i e s ?  
3 )  How a r e  a l t e r n a t i v e  p o l i c i e s  ordered and ranked? 
P r o f .  Hughes r e p l i e d  t h a t  t h e i r  approach i s  n o t  geared t o  
s e l e c t  a  s i n g l e  po l i cy  b u t  r a t h e r  a  mix of p o l i c i e s .  P r o f .  
McPherson then asked how t h e  b e s t  mix i s  s e l e c t e d .  
P r o f .  Hughes exp la ined  t h a t  they have a  sea rch  procedure 
which beg ins  a t  t h e  o l d  po l i cy  ( u s u a l l y  a  mixed o n e ) .  They 
then  looked a t  t h e  d i s s a t i s f a c t i o n  and t h e  p o l i c i e s  t h a t  
seemed most promising,  and they searched f o r  a  more r e f i n e d  
s e t  w i t h i n  t h a t .  This a l s o  t i e d  i n  wi th  t h e  q u e s t i o n  of 
u n i t s  i n  which d i s s a t i s f a c t i o n s  a r e  eva lua ted .  Once a g a i n ,  
it was impossible  t o  express  every th ing  i n  t h e  same u n i t s .  
A way around was t o  express  d i s s a t i s f a c t i o n  i n  terms of 
normalized d i s t a n c e  from t h e  g o a l .  
P r o f .  Dantzig asked why terms appeared squared on 
t h e  formula f o r  t h e  o b j e c t i v e .  P r o f .  Hughes s a i d  t h a t  
it was due t o  t h e i r  b e l i e f  t h a t  d e v i a t i o n s  had t o  c a r r y  
a  b i g g e r  weight  t h e  f u r t h e r  you were from your g o a l .  Of 
course  t h i s  occurred  only  when t h e  g o a l  has n o t  been 
achieved and t h e  measure of d i s s a t i s f a c t i o n  was ob ta ined  
by summing up t h e  normalized squared d i s t a n c e s  f o r  t h o s e  
g o a l s  t h a t  had n o t  been achieved.  
P r o f .  Mottek asked i f  i n  avoiding a  c a t a s t r o p h i c  
s i t u a t i o n  it was enough t o  look a t  it i n  terms of d e c i s i o n s  
on ly ,  o r  i f  a t t i t u d e s  t o 3  should  have been cons ide red  
impor tan t ,  s i n c e  they d e f i n i t e l y  can have an e f f e c t  on 
d e c i s i o n s .  D r .  Bossel  r e p l i e d  t h a t  a t t i t u d e  changes cou ld  
only  become mani fes t  through t h e  d e c i s i o n  f o r  some a c t i o n .  
T h i s  may n o t  have been an e x p l i c i t  d e c i s i o n ,  b u t  some 
a c t i o n  r e s u l t s  o u t  of it .  He thought  t h a t  i n  t h i s  f a s h i o n  
it could  be modellsd.  
Sess ion on Thursday Afternoon 
Outs ide  t h e  p r e s e n t a t i o n  of t h e  Mesarovic-Pestel  
model, t h e  Thursday a f t e rnoon  s e s s i o n  was devoted t o  
s h o r t  p r e s e n t a t i o n s  of t h e  Global  Modelling e f f o r t s  of 
o t h e r  groups.  
A s  t h e  spoken c o n t r i b u t i o n s  had t o  be l i m i t e d  t o  
t e n  minutes each,  it was agreed t h a t  e l a b o r a t e d  ve r s ions  
would be included i n  t h e  proceedings .  The following 
s e c t i o n  c o n t a i n s  t h e s e  v e r s i o n s  a s  s e n t  i n  by t h e  
p a r t i c i p a n t s  i n  t h e  Thursday a f t e rnoon  s e s s i o n .  
An A u s t r i a n  S i m u l a t i o n  Model f o r  
Socio-Economic P o l i c y  Makinq 
P .  F l e i s s n e r  
I would l i k e  t o  make two comments, t h e  f i r s t  a  t e c h n i c a l  
one.  I f  one i s  working w i t h  t h e  model and h e  is p o l i t i c a l l y  
n a i v e ,  and maybe w i l l  change a  c e r t a i n  s t r u c t u r a l  c o e f f i c i e n t ,  
t h e  model can  r e a d  t o  t h i s  d i s t u r b a n c e  by changing p o l i t i c a l  
behav io r  of  one  o r  more power groups .  I t  cou ld  b e  t h a t  t h e  
i n i t i a l  n a i v e  change i s  c o r r e c t e d  o r  a m p l i f i e d  by t h e  p o l i t i c a l  
feedback  loop  b u i l t  i n  the  model.  
The second comment is  a  p r i v a t e  and p o l i t i c a l  one.  I do 
n o t  t h i n k  t h a t  n e c e s s a r y  p o l i t i c a l  measures  can  be unde r t aken  
i n  t ime  i f  we do n o t  l e a v e  t h e  i v o r y  tower  of  t h e  s c i e n t i f i c  
community and c o o p e r a t e  w i t h  t h e  s o c i a l  g roups  which a r e  most 
concerned  w i t h  c r i s i s  symptoms, a l t h o u g h  i t  cou ld  happen 
t h a t  t h e s e  g roups  a r e  n o t  n e c e s s a r i l y  t h e  p r e v a i l i n g  ones .  
L i s t e n i n g  t o  t h e  comments made by Co le ,  Mallman, Mot tek ,  
Shubik ,  and o t h e r s  I have been  encouraged t o  p r e s e n t  some 
e x p e r i e n c e s  w i t h  an A u s t r i a n  p i l o t  s t u d y .  We t r i e d  t o  l ook  
a t  r e a l i t y ,  e s p e c i a l l y  a t  o u r  Weitean r e a l i t y ,  n o t  o n l y  i n  
t e c h n i c a l ,  s c i e n t i f i c ,  t e c h n o c r a t i c ,  o r  i n t e r a c t i v e  t e r m s ,  
b u t  i n  t e rms  o f  p o l i t i c a l ,  i d e o l o g i c a l ,  and economic power t o o .  
We t h i n k  t h a t  i n  o u r  coun t ry  t h e r e  e x i s t  c e r t a i n  s t r u c t u r a l  
c o n s t r a i n t s  which w i l l  come t o  t h e  s u r f a c e  i f  one  i s  making 
p l a n s  f o r  c e r t a i n  p o l i c i e s .  These f a c t s  a r e  n o t  r e f l e c t e d ,  a s  
f a r  a s  I have s e e n ,  i n  t h e  P-M model and t h e r e f o r e  c o n c l u s i o n s  
can  b e  m i s l e a d i n g ,  a l t h o u g h  much more i n f o r m a t i o n  i s  a v a i l a b l e .  
F u r t h e r  o n , t h e  P-M model d o e s  n o t  a s s e s s  t h e  a n t a g o n i s t i c  
o r  c o n f l i c t i n g  i n t e r e s t s  of  d i f f e r e n t  s o c i a l  c l a s s e s  which 
a r e  indeed  v e r y  o f t e n  r e s p o n s i b l e  f o r  s o c i a l  o r  economic 
changes and development  w i t h i n  a  r e g i o n .  
I n  t h i s  r e s p e c t  I w i l l  now g i v e  an example which cou ld  
e a s i l y  b e  g e n e r a l i z e d  t o  t h e  w o r l d ' s  model s t r u c t u r e ,  w i t h i n  
and between r e g i o n s ,  and how we looked a t  t h e s e  problems 
i n  o u r  model.  A t  t h e  I n s t i t u t e  f o r  Advanced S t u d i e s ,  i n  c o l -  
l a b o r a t i o n  w i t h  t h e  A u s t r i a n  Academy o f  S c i e n c e s ,  we a r e  
d e v e l o p i n g  a  s i m u l a t i o n  model f o r  socio-economic p o l i c y  making. 
We do n o t  t h i n k  t h a t  t h e r e  is harmony i n  t h i s  p r o c e s s  of  p o l i c y  
making and we s t r e s s  t h e  p o i n t  t h a t  power f o r c e  i s  i n f l u e r a c i n g  
d e c i s i o n  making. 
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Some Remarks About t h e  Dynamics of t h e  Economic System 
and I ts  Links  E s p e c i a l l y  w i th  t h e  Techno los i ca l  F i e l d  
H .  Mottek 
The t r e n d  i n  t h e  q u a n t i t a t i v e  changes of i n p u t  and out -  
p u t ,  o f  growth i n  terms of an i n c r e a s i n g  q r o s s  p roduc t  a s  
shown i n  t h e  d a t a  appendix t o  t h e  r e p o r t s  on t h e  economic 
world model by Mesarovic-Pes te l  a s  w e l l  a s  i n  o t h e r  documents, 
can  obv ious ly  c o n t i n u e  i n  t h e  f u t u r e  on ly  i f  t h e  necessa ry  
c o n d i t i o n s  o f  t h e s e  changes remain.  Many of  t h e s e  c o n d i t i o n s  
l i e  o u t s i d e  t h e  economic sys tem,  though t h e y  a r e  i n f l u e n c e d  
by it. There a r e ,  however, some ind igenous ,  neces sa ry  condi-  
t i o n s  f o r  t h e  t r e n d .  To r e a l i z e  t h i s ,  l e t  u s  have a  look a t  
what t h e  a u t h o r s  of t h e  r e p o r t  c a l l  t h e  developed market  
c o u n t r i e s .  ( A t  t h e  confe rence ,  t h e  word "marke t , "  by t h e  way, 
was used s o  t h a t  a  h i g h l y  i n d u s t r i a l i z e d  c o u n t r y  such a s  t h e  
German Democrat ic  Republic  appeared  t o  b e  n o t  developed. )  
I n  t h e s e  developed market  c o u n t r i e s  t h e  h i s t o r i c a l  
e x p e r i e n c e  shows t h a t  changes of s t r u c t u r e  had been n e c e s s a r y  
t o  avo id  a  long-term change of t r e n d  such  a s  a  s t a g n a t i o n  of 
o u t p u t .  The a u t h o r s  robbed themselves  of  t h e  o p p o r t u n i t y  t o  
r ecogn ize  t h a t  by n e g l e c t i n g  such  r e l a t i v e  s h o r t  d i s t u r b a n c e s  
a s  t h e  c y c l i c a l  f l u c t u a t i o n s .  But  i n  economic h i s t o r y  t h e r e  
have been p e r i o d s  w i t h  ve ry  many s h o r t - t e r n  f l u c t u a t i o n s  w i t h  
pre2ominant  i n f l u e n c e  of  t h e  downs. For example, t h i s  occu r red  
i n  t h e  p e r i o d  from 1873 t o  1894, and t h e  p e r i o d  known i n  t h e  
Anglo-Saxon c o u n t r i e s  a s  t h e  G r e a t  Depress ion  o f  1929 t o  1938. 
Both of t h e s e  p e r i o d s  l e d  t o  s t r u c t u r a l  changes i n  t h e  so-  
c a l l e d  developed market  c o u n t r i e s .  I o n l y  want t o  mention 
t h e  r e s t r i c t i o n  of compe t i t i on  f o r  t h e  f i r s t  p e r i o d ;  f o r  t h e  
second p e r i o d ,  t h e  enormously i n c r e a s e d  i n t e r v e n t i o n  of t h e  
s t a t e  became a  c h a r a c t e r i s t i c  f e a t u r e  of t h e  economic system 
i n  t h o s e  c o u n t r i e s  from t h e n  on. What i n t e r e s t s  u s  now i s  
t h e  f a c t  t h a t  t h e s e  s t r u c t u r a l  changes (and t h e  d r i v i n g  
f o r c e s  a r i s i n g  from them) were a  n e c e s s a r y  c o n d i t i o n  f o r  keep- 
i n g  up t h e  long-term t r e n d  o f  growth:  t hey  p reven ted  s h o r t -  
t e r m  r e t a r d a t i o n  from becoming long-term. 
The s t a g f l a t i o n  of ou r  t i m e  h a s ,  however, made d o u b t f u l  
whether  t h e  changes o f  s t r u c t u r e  i n  t h e  p a s t  a r e  s u f f i c i e n t  
f o r  keeping  up t h e  t r e n d .  The q u e s t i o n  a r i s e s  t h e r e f o r e ,  
whether  s t r u c t u r a l  changes a r e  t o  be  expected  i n  t h e  f u t u r e ,  
o r  whether  t h e r e  w i l l  be a  r a d i c a l  change of  t r e n d ,  i . e .  a 
long-term s t a g n a t i o n ,  o r  f i n a l l y ,  whether  t h e  whole system 
o f  t h e  s o - c a l l e d  developed market  economies w i l l  p e r i s h .  
Whatever t h e  outcome w i l l  b e ,  t h e  f a c t  remains t h a t  s t r u c t u r a l  
changes- -a l though t h e y  f i n d  t h e i r  q u a n t i t a t i v e  e x p r e s s i o n  i n  
s h o r t - t e r m  f l u c t u a t i o n s  of  t h e  main pa rame te r s  of  t h e  
model--have n o t  found t h e i r  r i g h t  p l a c e  i n  t h e  model. 
I t  i s  obvous t h a t  t h e  c o n t i n u a t i o n  o f  t h e  q u a n t i t a t i v e  
t r e n d  i n  t h e  economic sys tem i n  t h e  p a s t  a s  w e l l  a s  i n  t h e  
f u t u r e  depended and w i l l  depend n o t  o n l y  on s t r u c t u r a l ,  b u t  
a l s o  on t e c h n o l o g i c a l  changes which a r e  t h e r e f o r e  i m p o r t a n t  
f o r  e v e r y  r e g i o n a l  o r  world model.  I f  we c o n s i d e r  a  l ong  
enough t i m e  h o r i z o n ,  t h e n ,  w i t h o u t  t e c h n o l o g i c a l  changes ,  
even t h e  h i g h  inves tmen t  income r a t i o  c a n n o t  s t o p  a  s lowing  
down of  t h e  i n c r e a s e  i n  o u t p u t  p e r  head s o  t h a t  t h e  r a t e  of  
i n c r e a s e  approaches  z e r o ;  it might  even  become n e g a t i v e .  
Wi thout  what  i s  c a l l e d  l a b o r  s a v i n g  t e c h n o l o g i c a l  changes ,  
t h e  l a b o r  f o r c e  would be  t h e  l i m i t i n g  f a c t o r .  Whereas under  
t h e s e  c o n d i t i o n s  t h e  i n c r e a s e  of  o u t p u t  must  e v e n t u a l l y  s t o p  
i n  any sys t em,  under  t h e  developed  marke t  sys tem t h i s  would 
mean an  economic c r i s i s ,  a  s h a r p  d e c r e a s e  of p r o d u c t i o n ,  
because  o f  t h e  c o l l a p s i n g  demand f o r  machines and o t h e r  
i nves tmen t  goods. 
But  l i m i t s  of t h i s  k ind  a r e  n o t  t h o s e  now s o  much under  
d i s c u s s i o n  a f t e r  t h e  hook by Meadows, b u t  r a t h e r  t h o s e  caused  
by i n c r e a s i n g  p o l l u t i o n  o r  d e c r e a s i n g  r e s o u r c e s .  I t  i s  ve ry  
o f t e n  f o r g o t t o n ,  however, t h a t ,  f o r  example,  a  t r e n d  o f  i n -  
c r e a s e  i n  p o l l u t i o n  can  o n l y  c o n t i n u e  i f  t h e r e  a r e  no techno- 
l o g i c a l  changes which d i m i n i s h  p o l l u t i o n  t o  a  s u f f i c i e n t  e x t e n t  
w i t h o u t  d i m i n i s h i n g  c a p i t a l  p r o d u c t i v i t y  on t h e  same s c a l e .  
The same h o l d s  f o r  m i n e r a l  r e s o u r c e s .  I t  is an assumpt ion  
imp l i ed  i n  t h e  model by Meadows t h a t  t h e  d e c r e a s e  of  c e r t a i n  
m i n e r a l  d e p o s i t s  i s  n o t  compensated by r e s o u r c e s - s a v i n g  
t e c h n i c a l  p r o g r e s s ,  i n c r e a s e  i n  r e s o u r c e  p r o d u c t i v i t y ,  r e s o u r c e s  
e n l a r g i n g  t e c h n i c a l  p r o g r e s s  i n  o t h e r  f i e l d s ,  such  a s  r e c y c l i n g ,  
d i s c o v e r y  o f  new d e p o s i t s ,  making d e p o s i t s  u s e f u l  f o r  which 
t h e r e  was no u s e  b e f o r e ,  f i n d i n g  s u b s t i t u t e s ,  and s o  on .  We 
might  c a l l  t h i s  " r e s o u r c e s  e n l a r g i n g  t e c h n o l o g i c a l  p r o g r e s s , "  
when we d e f i n e  r e s o u r c e s  a s  such  p a r t s  of  t h e  n a t u r a l  env i ron -  
ment t h a t  a r e  economica l ly  a v a i l a b l e  o r  a r e  b e i n g  made a v a i l -  
a b l e  f o r  p r o d u c t i o n  by i n c r e a s e  o f  t e c h n o l o g i c a l  knowledge. 
I f  we t a k e  t h e  i nves tmen t  income r a t i o  a s  g i v e n ,  and p u t  
a s i d e  such  a  q u e s t i o n  a s  t h e  i n f r a s t r u c t u r e ,  t h e n  t h e  n e c e s s a r y  
t e c h n o l o g i c a l  changes  might  n o t  b e  for thcoming f o r  two r e a s o n s :  
1) A s  t h e  t e c h n o l o g i c a l  changes  a r e  d i r e c t e d  by t h e  
g o a l s  of t h e  economic sys t em,  t h e r e  migh t  n o t  b e  
such  g o a l s  and t h e  co r r e spond ing  demands on t ech -  
nology.  So it h a s  become d o u b t f u l  f o r  more and 
more people  i n  t h e  "developed marke t  c o u n t r i e s "  
whether  t h e  economic sys tem can  e f f e c t i v e l y  p u t  
forward  demands i n  t h e  d i r e c t i o n  o f  s a v i n g  s o c i a l  
c o s t s ,  i n  t h e  d i r e c t i o n  of  a  t echno logy  i n  harmony 
w i t h  envi ronment .  I n  this s e n s e  t h e  development  
of t e c h n o l o g i c a l  changes  i s  dependen t  on t h e  s o c i a l  
and economic sys tem.  
2 )  Even i n  t h e  c a s e  of  u r g e n t  demands by t h e  economic 
sys tem,  c e r t a i n  changes  might  n o t  be  for thcoming 
because  t h e  answer g i v e n  by what we might  c a l l  t h e  
sys tem producing  t e c h n o l o g i c a l  knowledge i s  nega- 
t i v e .  Apar t  from t h e  a b i l i t y  of  t h i s  sys tem,  under 
t h e  a s p e c t  o f  o r g a n i z a t i o n ,  p e r s o n n e l  c a p a c i t y ,  
equipment,  i n c e n t i v e s ,  a p a r t  from t h e  s t a t e  and 
development of  s c i e n t i f i c  knowledge, t h e  n e g a t i v e  
power could  be  t h e  consequence of  a  t e c h n o l o g i c a l  
i m p o s s i b i l i t y .  I t  i s  perhaps  noteworthy t h a t  
s t a t e m e n t s  of economic i m p o s s i b i l i t i e s  can  be  t r a n s -  
formed i n t o  s t a t e m e n t s  of  t e c h n o l o g i c a l  i m p o s s i b i l i -  
t i e s .  For example, a t  t h e  confe rence  d u r i n g  t h e  
d i s c u s s i o n  of t h e  food q u e s t i o n ,  t h e  greenhouse 
was cons ide red  economical ly  i m p o s s i b l e  a s  a  b a s i c  
s o l u t i o n  because  of i t s  h i g h  c o s t s .  But t h i s  
s t a t e m e n t  of economic i m p o s s i b i l i t y  cou ld  be  t r a n s -  
formed i n t o  a  s t a t e m e n t  t h a t  i t  i s  imposs ib l e  t o  
deve lop  a  s u i t a b l e  technology of p r o d u c t i o n  and 
o p e r a t i o n  of greenhouses  t h a t  makes them cheap 
enough f o r  g e n e r a l  u s e .  So we can  now s e e  t h a t  t h e r e  
a r e  i m p l i c i t  assumpt ions  of  such i m p o s s i b i l i t i e s  i n  
t h e  model by Meadows. I n  a  new wor ld  model t hose  
assumpt ions  should  be  made e x p l i c i t  and then  examined 
a s  t o  t h e i r  v a l i d i t y .  I t  is  necessa ry  t o  examine 
whether  such i m p o s s i b i l i t i e s  can  o r  canno t  be  founded 
on t h e  laws of p h y s i c s  o r  any o t h e r  s c i e n c e .  But 
even i f  t h i s  can  be  done ,  i t  i s  n o t  s o  e a s y ,  and 
i t  might  be t h e  cause  of  many misunde r s t and ings  t o  
t r a n s l a t e  a  s t a t e m e n t  o f  i m p o s s i b i l i t y  made i n  t h e  
language o f  p h y s i c s  i n t o  t h e  language  of  technology 
and economics. 
Apar t  from t h i s ,  t h e r e  i s  s t i l l  a  l o t  of r e s e a r c h  t h a t  
needs  t o  be  done t o  prove  s t a t e m e n t s  o f  t e c h n o l o g i c a l  impossi-  
b i l i t y  t o  make t h e s e  s t a t e m e n t s  more r e l i a b l e  o r  t o  show 
them t o  be  n o n - e x i s t e n t .  Such r e s e a r c h  would be  a  v e r y  u r g e n t  
t a s k  f o r  making t h e  consequences o f  an  o p t i o n  of  s o c i e t y  more 
p r e d i c t a b l e  and f o r  producing  new o p t i o n s .  
Without  t h e o r e t i c a l  p r o g r e s s  i n  t h i s  and o t h e r  f i e l d s  
t h e  p r e d i c t i v e  c a p a c i t y  o f  any world model w i l l  n o t  be  l a r g e  
enough t o  c a r r y  c o n v i c t i o n .  
P A P E R S  CONTRIBUTED BY P A R T I C I P A N T S  

Modelling Growth Factors in Israel 
Prof. Nathan Buras, 
Technion, Haifa, Israel 
We are in the initial phases of a multi-disciplinary and 
multi-institutional research effort in which critical 
relationships between factors assumed to have controlling 
influences on our future will be studied. The objective of 
this effort is to produce sets of alternative plans covering 
horizons of 10-15 years, to be submitted to the highest levels 
of policy makers in the country (different statutory 
parliamentary committees and the government), so that the 
rational basis of the political decision-making process would 
be strengthened. 
Our approach is that these factors may be divided into two 
groups: socio-political and natural-technological. Eco- 
nomic aspects will appear in both groups, thus forming 
connecting links between them. We are now organizing 
research groups within each of these two avenues, and are 
seeking efficient mechanisms for their coordination and 
for increasing cooperation between them. We place special 
emphasis on the socio-political aspect of the growth factors, 
and have included in the guidance committee of this project 
a member of the parliament, representing the political 
process as it is manifested in Israel. 
The research effort in the socio-political channel will be 
directed primarily toward the formulation of scenarios 
dealing with plausible internal and external situations. 
These scenarios will form then the framework within which 
optimal configurations of the natural-technological de- 
terminants will be sought. 
We envisage our connection with global models in several 
ways: 
a) We would like to investigate the situation in which 
a crisis situation in one part of the world might 
produce a global "domino effect", and what can be done 
to increase the resiliency of our socio-technological 
fabric to withstand such shocks. 
b) What kind of "de-coupling" mechanisms, if any, might 
be available in the event of world-wide crisis in 
one of the factors controlling growth. 
c) Israel may be used as a case study, or pilot project, 
for problems of global interst. Within its population 
of slightly over 3.5 million there are self-governing 
groups who own collectively the means of production 
and who abolished completely private ownership, 
living alongside other groups who epitomize free 
enterprise. This symbiosis exists within the con- 
text of a particular brand of welfare state. 
d )  In at least one respect, we are close to the physical 
limit of development. More than 90% of the available 
water resources of Israel have been developed already. 
The adjustment of the socio-technological fabric to 
these conditions might be of interest to those engaged 
in global modelling. 
NB/mf, 3 May 1974 
Dynamic  P o p u l a t i o n  Mode l  
- p r e s e n t e d  b y  A . R .  D e m i r d a c h e  
A d y n a m i c  p o p u l a t i o n  m o d e l  h a s  b e e n  d e v e l o p e d  b y  
t h e  D e p a r t m e n t  o f  M a t h e m a t i c s  a t  Q u e e n ' s  U n i v e r s i t y ,  Canada ,  
u n d e r  c o n t r a c t  f r o m  F e d e r a l  G o v e r n m e n t  i n  O t t a w a .  T h e  m o d e l  
s i m u l a t e s  t h e  e v o l u t i o n  o f  p o p u l a t i o n  d i s t r i b u t i o n  as 
f u n c t i o n  o f  a g e  a n d  i n c o m e  l e v e l .  
T h e  b a s i c  s t r u c t u r e  o f  t h e  m o d e l  i s  s u c h  t h a t  
b i r t h - r a t e s  may b e  g e n e r a t e d  w i t h i n  t h e  m o d e l  as e n d o g e n o u s  
v a r i a b l e s .  T h i s  a l l o w s  t h e  i n c l u s i o n  o f  f e e d b a c k  e f f e c t s  
f r o m  t h e  p o p u l a t i o n  d i s t r i b u t i o n  t o  b i r t h  a n d  i m m i g r a t i o n  
r a t e s ,  and  s o  p r o v i d e s  a  c a p a b i l i t y  f o r  s i m u l a t i o n s  v a l i d  
o v e r  l o n g e r  t i m e  i n t e r v a l s  t h a n  a r e  p o s s i b l e  w i t h  e x o g e n o u s  
b i r t h  a n d  i m m i g r a t i o n  r a t e  v a r i a b l e s .  
T r a d i t i o n a l  d e m 0 g r a p h . i ~  m e t h o d s  p r o j e c t  p o p u l a t i o n  
e s t i m a t e s  f o r w a r d  i n  t i m e  b y  means o f  a n  a g g r e g a t i o n  p r o c e d u r e ,  
f o l l o w e d  b y  a  1  i n e a r  e x t r a p o l a t j  o n  p r o c e d u r e  b a s e d  e s s e n t i a l l y  
o n  a  M a r k o v - c h a i n  t y p e  o f  m o d e l .  Such  m e t h o d s  a r e  r e a s o n a b l y  
a c c u r a t e  o v e r  . t h e  r e 1  a t i v e l y  s h o r t  t e r m ;  h o w e v e r ,  t h e  m o d e l  
s t r u c t u r e  i s  s u c h  t h a t  t h e  f e r t i l  i t y  c u r v e  ( t h e  a g e - s p e c i f i c  
d i s t r i b u t i o n  o f  t h e  b i r t h - r a t e s )  i s  t r e a t e d  as t h e  " e x o g e n o u s  
v a r i a b l e "  w h i c h  m u s t  b e  s p e c i f i e d  f o r  e a c h  r u n .  Some a t -  
t e m p t s  ( t h e  s o - c a l l e d  " c o h o r t  m e t h o d " )  h a v e  b e e n  made t o  i n -  
c l u d e  i n  t h e  m o d e l  t h e  o b s e r v e d  f a c t  t h a t  b i r t h  r a t e s  & 
v a r y  o v e r  t i m e ,  b u t  t h e  p r o b l e m  o f  e x t r a p o l a t i n g  b i r t h - r a t e s  
f o r w a r d  i n  t i m e  i n  o r d e r  t o  i n c r e a s e  t h e  l e n g t h  o f  t i m e  t h a t  
m o d e l  r e s u l t s  a r e  v a l i d  r e m a i n s .  
I t  i s  c l e a r  t h a t  many f a c t o r s  a f f e c t  ' b i r t h - r a t e s :  
e c o n o m i c  c o n d i t i o n s ,  p e r c e p t i o n s  o f  f u t u r e  e c o n o m i c  c o n d i t i o n s ,  
e c o l o g i c a l  c o n c e r n s ,  a  h o s t  o f  o t h e r  f a c t o r s  a f f e c t  b i r t h - r a t e s  
t o  a  g r e a t e r  o r  l e s s e r  e f f e c t .  I t  i s  a l s o  c l e a r  t h a t  p r e s e n t  
p o p u l a t i o n  s t r u c t u r e  a f f e c t s  i n  t u r n  t h e  e c o n o m i c  c l i m a t e ,  a n d  
t h e  g e n e r a l  e n v i r o n m e n t .  T h e  p r e s e n t  p o p u l a t i o n  i s  i n  t u r n  
t h e  r e s u l t  o f  p a s t  b i r t h - r a t e s  ( a n d  i m m i g r a t i o n ) .  
T h e  o b s e r v a t i o n s  i n d i c a t e  t h a t  i t  i s  i m p o s s i b l e  
t o  d e c o u p l e  t h e  d y n a m i c s  o f  t h e  b i r t h - r a t e s  f r o m  t h o s e  o f  
p o p u l a t i o n  s t r u c t u r e  w i t h o u t  c o m p r o m i s i n g  t h e  l o n g  t e r m  
v a l i d i t y  o f  t h e  m o d e l  s i m u l a t i o n .  I n  e f f e c t ,  t h e r e  e x i s t s  
a  f e e d b a c k  p a t h  f r o m  p o p u l a t i o n  s t r u c t u r e  t o  b i r t h - r a t e s  
w h i c h  may n o t  b e  i g n o r e d  o v e r  t h e  l o n g  t e r m .  
D e r i v a t i o n  o f  E q u a t i o n s  o f  D y n a m i c  C o r e  
T h e  c o r e  o f  t h e  m o d e l  c o n s i s t s  o f  t w o  p a r t i a l  
d i f f e r e n t i a l  e q u a t i o n s :  o n e  f o r  t h e  e v o l u t i o n  o f  t h e  p o p u l a -  
t i o n  d e n s i t y  a s  a  f u n c t i o n  o f  t i m e ,  a g e ,  a n d  i n c o m e  l e v e l ,  a n d  
o n e  f o r  t h e  e v o l u t i o n  o f  t h e  f e r t i l i t y  c u r v e .  T h e s e  t w o  
e q u a t i o n s  a r e  c o u p l e d  i n  a  n o n - 1  i n e a r  f a s h i o n ,  a 1  t h o u g h  t h e  
n o n - l i n e a r i t y  a p p e a r s  o n l y  i n  t h e  b o u n d a r y  c o n d i t i o n s  f o r  
t h e  p o p u l a t i a n  e q u a t i o n .  T h i s  f a c t  i s  o f  c o n s i d e r a b l e  u s e  
i n  c o n n e c t i o n  w i t h  t h e  e s t i m a t i o n  p r o b l e m s  d i s c u s s e d  i n  t h e  
f o l l o w i n g  s e c t i o n ,  a n d  makes t h e  d e r i v a t i o n s  p r e s e n t e d  b e l o w  
s i m p l e r  t h a n  m i g h t  o t h e r w i s e  b e  t h e  c a s e .  
A. P o p u l a t i o n  D i s t r i b u t i o n  E v o l u t i o n  
The  m o d e l  c o n s i d e r e d  i n  t h i s  p a p e r  i n c l u d e s  a  
p a r t i a l  d i f f e r e n t i a l  e q u a t i o n  f o r  t h e  p o p u l a t i o n  d e n s i t y  
p ( x , s , t )  as a  f u n c t i o n  o f  t h e  t h r e e  v a r i a b l e s  a g e  x ,  i n c o m e  s ,  
a n d  t i m e  t .  As w i l l  b e  shown b e l o w  i n  A p p e n d i x  A ,  i t  i s  
u n n e c e s s a r y  t o  s p e c i f y  a t  t h i s  p o i n t  t h e  u n i t s  i n v o l v e d  i n  
t h e  i n c o m e  s c a l e  s ,  t h a t  i s  w h e t h e r  s  r e p r e s e n t s  n e t  i n c o m e ,  
d i s p o s a b l e  i n c o m e ,  o r  some o t h e r  m e a s u r e .  T h i s  i s  s o  b e c a u s e  
t h e  form o f  t h e  g o v e r n i n g  e q u a t i o n  i s  i n v a r i a n t  u n d e r  a  ( n o n -  
l i n e a r )  c h a n g e  o f  i n c o m e  s c a l e ,  s o  t h a t  t h e  u n i t s  i n v o l v e d  
become a n  i s s u e  o n l y  d u r i n g  t h e  p r o c e s s i n g  o f  d a t a  f o r  e s t i -  
m a t i o n  p u r p o s e s .  T h i s  f a c t  i s  a  p l e a s a n t  s u r p r i s e  w h i c h  
n a t u r a l l y  a r i s e s  o u t  o f  t h e  s t r u c t u r e  o f  t h e  m o d e l  e q u a t i o n s .  
To d e r i v e  a n  e q u a t i o n  f o r  t h e  p o p u l a t i o n  d e n s i t y  
o n  a  r e a l i s t i c  b a s i s ,  i t  i s  n e c e s s a r y  t o  a c c o u n t  f o r  e f f e c t s  
n e g l e c t e d  i n  t h e  s i m p l i f i e d  m o d e l  a b o v e ,  i n  p a r t i c u l a r  t o  
i n f r o d u c e  t e r m s  
r e p r e s e n t i n g  t h e  i m m i g r a t i o n  r a t e  ( a s  a  f u n c t i o n  o f  a g e ,  
i n c o m e  l e v e l ,  a n d  t i m e )  a n d  t h e  d e a t h - r a t e  
I t  i s  a l s o  n e c e s s a r y  t o  i n t r o d u c e  a  t e r m  w h i c h  
a c c o u n t s  f o r  t h e  c h a n g e  o f  i n c o m e  l e v e l  o f  v a r i o u s  s e g m e n t s  
o f  t h e  p o p u l a t i o n  o v e r  t i m e .  To a c c o m p l i s h  t h i s ,  we i n t r o d u c e  
a n  e c o n o m i c  m o b i  1  i t y  f u n c t i o n ,  
Even  t h o u g h  i n c o m e  l e v e l s  o f  i n d i v i d u a l s  o n  a  m i c r o s c o p i c  
s c a l e  u n d e r g o  c h a n g e s  a t  d i s c r e t e  i n s t a n t s  o f  t i m e ,  p e r h a p s  
m o d e l l e d  b y  a  P o i s s o n  p r o c e s s ,  o n  t h e  m a c r o s c o p i c  s c a l e  o f  
i t s  i n f l u e n c e  o n  t h e  i n c o m e  d i s t r i b u t i o n  we m o d e l  t h e  e f f e c t  
as  o n e  o f  a  c o n t i n u o u s  f l o w  a c r o s s  i n c o m e  l e v e l s .  W i t h  
t h i s  e f f e c t  i n  m i n d ,  a  t e r m  o f  t h e  f o r m  
h a s  a n  i n t e r p r e t a t i o n  as t h e  f r a c t i o n  o f  p e o p l e  a t  i n c o m e  
l e v e l  a n d  a g e  x c r o s s i n g  t h r o u g h  l e v e l  s  i n  t h e  t i m e  i n t e r v a l  
f r o m  t t o  t - k ~ t t  . 
W i t h  t h e  a b o v e  d e f i n i t i o n  o f  t e r m s ,  i t  i s  e a s y  t o  
u s e  a  " c o u n t i n g  a r g u m e n t "  e n t i r e l y  s i m i l a r  t o  t h e  o n e  a b o v e  
t o  a r r i v e  a t  a n  e q u a t i o n  r e p r e s e n t i n g  t h e  e v o l u t i o n  o f  p o p -  
u l a t i o n  d e n s i t y .  The  r e s u l t  i s  
J u s t  as  i n  t h e  a b o v e  d e r i v a t i o n ,  i t  c a n  b e  s e e n  
t h a t  t h e  a p p r o p r i a t e  b o u n d a r y  c o n d i t i o n  f o r  t h i s  e q u a t i o n  
i s  a g a i n  
p ( x = O )  = b i r t h - r a t e .  
0 .  F e r t i l i t y  C u r v e  D y n a m i c s  
A l t h o u g h  t h e  o b s e r v a t i o n  t h a t  s o c i o - e c o n o m i c  
c o n d i t i o n s ,  s o c i a l  a t t i t u d e s ,  a n d  s o  o n ,  e x e r t  a n  e f f e c t  o n  
b i r t h -  r a t e s  i s  a  common o n e ,  t h e r e  seems t o  h a v e  b e e n  l i t t l e  
e f f o r t  made t o  q u a n t i f y  t h e s e  e f f e c t s  i n  a  d y n a m i c  m o d e l .  
U n d o u b t e d l y ,  a  m a j o r  r e a s o n  f o r  t h i s  i s  t h a t  i t  a p p e a r s  
i m p o s s i b l e  t o  " d e r i v e "  s u c h  a  s e t  o f  r e l a t i o n s  i n  t h e  s e n s e  
o f  t h e  d e r i v a t i o n  o u t l i n e d  a b o v e  f o r  t h e  p o p u l a t i o n  d e n s i t y  
d y  n a m i  c s  . 
A  s i m p l e  p a r t i a l  d i f f e r e n t i a l  e q u a t i o n  c a p a b l e  
o f  r e p r o d u c i n g  t h i s  o b s e r v e d  b e h a v i o u r  h a s  b e e n  a d o p t e d  
as  t h e  b a s i s  f o r  t h e  f e r t i l i t y  c u r v e  d y n a m i c s .  T h i s  i s  
T h e  f i r s t  t e r m  i n  t h i s  e q u a t i o n  p r o d u c e s  t h e  e f f e c t  
o f  t h e  s h i f t i n g  p e a k ,  w h i l e  i n t e g r a t i n g  t h e  e q u a t i o n  w i t h  
r e s p e c t  t o  x  s h o w s  t h a t  b ( t )  i s  t h e  p e r c e n t a g e  c h a n g e  o f  
t h e  a r e a  u n d e r  t h e  f e r t i l i t y  c u r v e  p e r  u n i t  t i m e .  An e q u i v a l e n t  
i n t e r p r e t a t i o n  i s  t h a t  i t  r e p r e s e n t s  t h e  p e r c e n t a g e  r a t e  o f  
a v e r a g e  f a m i l y  s i z e .  
T h e  j u s t i f i c a t i o n  o f  t h e  r e p r e s e n t a t - i o n  o f  t h e  
f e r t i l i t y  c u r v e  d y n a m i c s  b y  t h e  a b o v e  e q u a t i o n  may b e  c a r -  
r i e d  o n  i n  s e v e r a l  w a y s .  I n  t h e  f i r s t  p l a c e ,  t h e  i n t e r p r e t a -  
t i o n  g i v e n  b ( t )  g u a r a n t e e s  t h e  p r e s e n c e  o f  t h e  t e r m  b ( t ) f  
i n  v i r t u a l l y  a n y  s u c h  e q u a t i o n .  T h e  a p p r o p r i a t e n e s s  o f  
t h e  t e r m  r e p r e s e n t i n g  t h e  " s h i f t s "  may b e  s u p p o r t e d  o n  t h e  
b a s i s  o f  a  t i m e  s c a l e  a r g u m e n t ,  c o m b i n e d  w i t h  t h e  f a c t  t h a t  
t h e  m o d e l  f i t s  t h e  o b s e r v e d  d a t a  r e a s o n a b l y  w e l l .  T h e  
" s h i f t s "  o c c u r  i n  t h e  d a t a  o n  a  t i m e  s c a l e  c o n s i d e r a b l y  
f a s t e r  t h a n  t h a t  o f  t h e  d y n a m i c s  o f  t h e  p o p u l a t i o n  s e c t i o n  
o f  t h e  m o d e l .  I n  f a c t ,  t h e  s h i f t s  a p p e a r  c o r r e l a t e d  w i t h  
v a r i a t i o n s  i n  t h e  e c o n o m i c  c l i m a t e ,  r e c e s s i o n s ,  r i s i n g  a n d  
f a l l i n g  u n e m p l o y m e n t ,  a n d  t h e  l i k e .  S i n c e  t h e s e  e f f e c t s  
a r e  e x p e c t e d  t o  b e  i n t r o d u c e d  i n t o  t h e  m o d e l  m o s t  l i k e l y  
o n  t h e  b a s i s  o f  " s t a n d a r d "  e c o n o m e t r i c  a n d  b u s i n e s s  c y c l e  
m o d e l s ,  i t  i s  a n t i c i p a t e d  t h a t  i t  w i l l  b e  p o s s i b l e  t o  i n -  
c l u d e  t h e  f u n c t i o n  a ( t )  a n d  i t s  d y n a m i c s  i n  t h i s  s e c t i o n  
o f  t h e  m o d e l .  T h e  d y n a m i c s  o f  a ( t )  a r e  t o  b e  i d e n t i f i e d  b y  
means  o f  e i t h e r  t h e  u s u a l  e c o n o m e t r i c  m o d e l  i d e n t i f i c a t i o n  
t e c h n i q u e s ,  o r  m o r e  r e c e n t  w o r k  i n  t h e  a r e a  o f  c o n t r o l  
t h e o r y .  S i n c e  t h i s  i d e n t i f i c a t i o n  p r o b l e m  p r e s u p p o s e s  
k n o w l e d g e  o f  t h e  t e r m  d ( x )  , w o r k  i n  t h i s  a r e a  i s  d e p e n d e n t  
o n  s o l v i n g  t h e  p r o b l e m  o f  e s t i m a t i n g  d ( x )  , a n d  a p p l y i n g  
t h e  a l g o r i t h m  f o r  t h i s  p u r p o s e  i s  d e s c r i . b e d  i n  t h e  f o l l o w i n g  
s e c t i o n .  
Comments s i m i l a r  t o  t h e  a b o v e  a l s o  a p p l y  t o  t h e  
p r o b l e m  o f  d e t e r m i n i n g  t h e  d y n a m i c s  g o v e r n i n g  t h e  t e r m  b ( t )  , 
a l t h o u g h  i t  i s  suspec te 'd  t h a t  t h i s  w i l l  be even  more d i f f i -  
c u l t  t h a n  t h e  above p r o c e s s .  T h i s  i s  s o  " e c a u s e  b ( t )  i s  dom- 
i n a t e d  more by s o c i a l  a t t i t u d e s ,  e d u c a t i o n ,  and o t h e r  e f f e c t s  
much l e s s  e a s y  t o  q u a n t i f y  t h a n  economic o n e s .  I t  i s  f e l t  
t h a t  t h i s  a r e a  r e p r e s e n t s  an example  of  t h e  need f o r  a l t e r n a -  
t i v e  s u b - m o d e l s  and r e p e a t e d  s i m u l a t i o n s  d i s c u s s e d  above  i n  
S e c t i o n  I 1  i n  c o n n e c t i o n  w i t h  t h e  o v e r a l l  s t r u c t u r e  o f  t h e  
mode l .  
While t h e  above  d i s c u s s i o n  h a s  been c a r r i e d  
t h r o u g h  a s  though  t h e  f e r t i l i t y  c u r v e  w e r e  i n d e p e n d e n t  o f  
income,  an e n t i r e l y  s i m i l a r  d e r i v a t i o n  i s  p o s s i b l e  on t h e  
b a s i s  o f  an income d e p e n d e n t  f e r t i l i t y  c u r v e .  I f  one a l s o  
a l l o w s  t h e  p o s s i b i l i t y  t h a t  t h e  economic i n t e r a c t i o n s  o c c u r  
u n e v e n l y  a c r o s s  income l e v e l s ,  t h e n  t h e  a p p r o p r i a t e  e q u a t i o n  
i  s  
Because o f  t h e  meaning of  t h e  f e r t i l i t y  c u r v e  
( o r  s u r f a c e ,  i f  s  i s  i n c l u d e d  a s  an i n d e p e n d e n t  v a r i a b l e )  a s  
an a g e  (and  income)  s p e c i f i c  b i r t h - r a t e ,  t h e  f o r m u l a  f o r  
t h e  t o t a l  b i r t h - r a t e  i s  s i m p l y  
b ( t )  \ f ( x , s , t )  p ( x , s , t )  dxds  . 

W r i t t e n  c o n t r i b u t i o n  t o  t h e  P r o c e e d i n g s  o f  t h e  IIASA Symposium on 
G l o b a l  Model l ing - May 1974.  
Notes on t h e  "Doubling o f  P o p u l a t i o n " .  Study - P r e e  U n i v e r s i t y  o f  
Amsterdam, u n d e r  d i r e c t i o n  o f  P r o f .  H .  Linnemann 
The problems o f  a  d o u b l i n g  o f  world  p o p u l a t i o n .  
One o f  t h e  m a j o r  problems f a c i n g  mankind i n  t h e  r e m a i n i n g  decades  
o f  t h i s  c e n t u r y  - and most l i k e l y  a l s o  i n  t h e  n e x t  c e n t u r y  - i s  
t h e  r a p i d  growth o f  world  p o p u l a t i o n  and t h e  p r e s s u r e  on  t h e  w o r l d ' s  
l i m i t e d  r e s o u r c e s  c r e a t e d  by g r e a t l y  i n c r e a s e d  p o p u l a t i o n  numbers.  
B a r r i n g  c a l a m i t i e s  o f  unpreceden ted  magn i tude ,  it would seem t o  be 
c e r t a i n  t h a t  world  p o p u l a t i o n  i n  t h e  n e a r  f u t u r e  - a round  2010 - 
w i l l  doub le  i t s  p r e s e n t  s i z e .  A t  t h e  F r e e  U n i v e r s i t y  i n  Amsterdam 
a  s t u d y  is b e i n g  under t aken  t o  d e t e r m i n e  whe the r  it w i l l  be  t e c h n i c a l l y  
p o s s i b l e  - even  f o r  a  world  p o p u l a t i o n  o f  t w i c e  t h e  p r e s e n t  s i z e  - 
t o  p r o v i d e  eve ryone  o f  t h e  w o r l d ' s  c i t i z e n s  w i t h  t h e  m a t e r i a l  
r e q u i r e m e n t s  f o r  a  d e c e n t  human l i f e ,  and i f  s o ,  what p o l i c i e s  s h o u l d  
be  f o l l o w e d  i n  t h e  a r e a s  o f  p r o d u c t i o n  and d i s t r i b u t i o n  i n  o r d e r  t o  
meet t h e s e  r e q u i r e m e n t s  i n  ways which a p p e a r  c o n s i s t e n t  w i t h  what 
we know o f  r e s o u r c e s  and e n v i r o n m e n t a l  c o n s t r a i n t s .  
Makin~-exnlici:-:hn-id~a~o_f-mIcimurn~ls!s1~-0f- Ii!!~g..
The b a s i c  package o f  m a t e r i a l  goods  r e q u i r e d  f o r  human l i f e  c o n s i s t s  
o f  f o u r  components:  
a .  food 
b .  hous ing  and s a n i t a t i o n  
c .  a c c e s s  t o  a d e q u a t e  h e a l t h  s e r v i c e s  
d .  t h e  means t o  g a i n  a  b a s i c  e d u c a t i o n .  I n  a d d i t i o n ,  a  c e r t a i n  amount o f  
e .  " o t h e r  goods  and s e r v i c e s W ( l i k e  e .g .  c l o t h i n g ,  f u r n i t u r e s ,  
k i t c h e n w a r e ,  t r a n s p o r t ,  r e c r e a t i o n )  w i l l  be  r e q u i r e d .  
I t  is a  m a t t e r  o f  judgement what l e v e l s  o f  p r o v i s i o n  a r e  a d e q u a t e  and 
a c c e p t a b l e ;  nonns a r e  be ing  f o r m u l a t e d ,  whenever p o s s i b l e ,  on t h e  
b a s i s  o f  i n t e r n a t i o n a l l y  a c c e p t e d  s t a n d a r d s .  
Methods-oE-the-ntudy 
The s c o p e  o f  t h e  s t u d y  i s  worldwide;  f o r  obv ious  r e a s o n s ,  r e g i o n a l  
d i s a g g r e g a t i o n  i s  e s s e n t i a l .  I n  f a c t ,  p a r t  o f  t h e  work i s  b e i n g  done 
a t  t h e  c o u n t r y  l e v e l .  Apar t  from e c o n a n i c  magn i tudes ,  demographic  
and e n v i r o n m e n t a l  v a r i a b l e s  a r e  b e i n g  s t u d i e d .  I t  i s  e x t r e m e l y  d i f f i c u l t  
t o  e x p l i c i t l y  i n c o r p o r a t e  s o c i a l  and p o l i t i c a l  f a c t o r s  and p r o c e s s e s ;  
i n  a  r u d i m e n t a r y  way t h i s  migh t  be  a c h i e v e d  by d i s t i n g u i s h i n g  d i f f e r e n t  
t y p e s  o r  c l a s s e s  o f  s o c i a l  and p o l i t i c a l  sys t ems .  One e x p l i c i t  g o a l  
i n c l u d e d  though ,  is an  improved g l o b a l  income d i s t r i b u t i o n .  
A dynamic model is b e i n g  b u i l t ,  u s i n g  methods  and t e c h n i q u e s  a s  
deve loped  i n  m a t h e m a t i c a l  econ imics  and e c o n o m e t r i c s .  The aim i s  t o  
b u i l d  f i r s t l y  a  d e s c r i p t i v e ,  a n a l y t i c a l  model t h a t  w i l l  be  u s e d  t o  
a n a l y z e  t h o s e  problems which may a r i s e  a s  a consequence o f  p o p u l a t i o n  
d o u b l i n g  i f  p a s t  b e h a v i o u r  and government p o l i c i e s  were  t o  r ema in  
unchanged. 
Second ly ,  t h e  model w i l l  be  used  as a  p o l i c y  o r  p l a n n i n g  model  - 
i . e .  t h e  d e s c r i p t i v e  o r  a n a l y t i c a l  model  u sed  "backwards" - i n  o r d e r  
t o  d e t e r m i n e  t h o s e  p o l i c y  measures  which would be  r e q u i r e d  i f  t h e  
b a s i c  package of  m a t e r i a l  goods  is t o  be  a v a i l a b l e  t o  eve ryone .  
A l so  t h e  i m p l i c a t i o n s  o f  a d d i t i o n a l  t a r g e t s  - such  a s  a  h i g h  l e v e l  
o f  employment - may b e  s t u d i e d .  
Due t o  o u r  c o n v i c t i o n  t h a t  problems connec ted  w i t h  food  s u p p l y  a r e  
s t i l l  p re -eminan t ,  and a g r i c u l t u r e  b a s i c  t o  o t h e r  economic g rowth ,  
e f f o r t s  i n  o u r  l i m i t e d  t i m e  a r e  f o r  t h e  p r e s e n t  a l m o s t  e n t i r e l y  
f o c u s s i n g  on t h e  a g r i c u l t u r a l  and food  problems.  
" The common denomina to r  o f  a l l  a g r i c u l t u r a l  p r o d u c t i o n  is t h e  p r o c e s s  
o f  p h o t o s y n r h e s i s ;  t h i s  p r o c e s s  i s  a t  t h e  h e a r t  o f  t h e  t e c h n i c a l  
e q u a t i o n  d e s c r i b i n g  o u t p u t  p e r  h e c t a r e  a s  a  f u n c t i o n  o f  i n p u t s  o f  
p l a n t  n u t r i e n t  ( i n c l u d i n g  w a t e r ) .  Ano the r  t e c h n i c a l  r e l a t i o n  shows 
how much l a b o u r  a n d / o r  c a p i t a l  c a n  e f f e c t i v e l y  b e  used .  S t i l l  a n o t h e r  
s e t  o f  r e l a t i o n s h i p s  d e s c r i b e s  t h e  b e h a v i o u r  o f  t h e  f a r m e r s  o r  p e a s a n t s .  
Technological p r o g r e s s  i n  a g r i c u l t u r e  p l a y s  a  r o l e  a s  w e l l .  
Three  models  w i t h  b a s i c a l l y  d i f f e r e n t  s t r u c t u r e  i n  t h e  b e h a v i o u r  and 
economic a s p e c t s  a r e  b e i n g  deve loped ;  f o r  t h e  deve loped  marke t  economics ,  
t h e  c e n t r a l l y - p l a n n e d  economies  and t h e  l e s s  deve loped  economies .  
Where p o s s i b l e ,  d a t a  r e l a t i n g  t o  t h e  n a t i o n a l  l e v e l  i s  b e i n g  used .  
Obviously  t h e  a g r i c u l t u r a l  s e c t o r  d o e s  n o t  f u n c t i o n  i n  i s o l a t i o n  o f  
t h e  r e s t  o f  t h e  economy. There  i s  a n  i m p o r t a n t  l i n k  w i t h  s e v e r a l  
economic a c t i v i t i e s  p roduc ing  i n p u t s  f o r  a g r i c u l t u r e .  F i r s t  o f  a l l ,  
i n p u t s  o f  f e r t i l i z e r  w i l l  u s u a l l y  b e  needed t o  r e a c h  h i g h e r  l e v e l s  
o f  i n p u t .  Mechanical  equipment may b e  r e q u i r e d  t o  work t o g e t h e r  
w i t h  l a b o u r ,  o r  p a r t l y  t o  r e p l a c e  it. T r a n s p o r t a t i o n  i s  r e q u i r e d  f o r  
b r i n g i n g  p a r t  o f  t h e  o u t p u t  t o  t h e  consumer,  and f o r  b r i n g i n g  f e r t i l i z e r  
and o t h e r  i n p u t s  t o  t h e  farm.  The p r o d u c t i o n  o f  f e r t i l i z e r ,  t h e  o p e r a t i o n  
o f  mach ine ry ,  t r a n s p o r t a t i o n ,  somet imes  even s t o r a g e  - a l l  t h e s e  
a c t i v i t i e s  c a n n o t  b e  pe r fo rmed  w i t h o u t  a n  i n p u t  o f  e n e r g y .  A v a i l a b i l i t y  
o f  a l l  t h e s e  ( d i r e c t  o r  i n d i r e c t )  i n p u t s  i n t o  t h e  a g r i c u l t u r a l  s e c t o r  
have t o  b e  e n s u r e d  and  t h e  consequences  o f  s c a r c i t i e s  o r  p r i c e  changes  
i n  t h e s e  a s c e r t a i n e d  ( e . g .  e n e r g y ,  c a p i t a l  f o r  f e r t i l i z e r  p r o d u c t i o n ) .  
Sub-models a r e  t h e r e f o r e  b e i n g  b u i l t  t o  r e f l e c t ,  e s p e c i a l l y  t h e  i n f l u e n c e  
o f  f e r t i l i z e r  p r o d u c t i o n ,  e n e r g y  and t r a n s p o r t a t i o n  i n  t h e  a g r i c u l t u r a l  
s e c t o r .  
Fo r  t h e  p u r p o s e s  o f  o u r  s t u d y ,  r e s t r i c t e d  a s  it i s  t o  t h e  c a n i n g  f o r t y  
y e a r s ,  p o p u l a t i o n  growth r ema ins  e f f e c t i v e l y  a n  exogenous  v a r i a b l e .  
S i m i l a r l y  we d o  n o t  g e n e r a t e  n o n - a g r i c u l t u r a l  income w i t h i n  t h e  model 
b u t  r e l y  on a c e r t a i n  s e t  o f  judgements  a b o u t  i t s  f u t u r e  growth.  
However, l a b o u r  o u t f l o w  from a g r i c u l t u r e  is g e n e r a t e d  w i t h i n  t h e  model.  
Water-and-~ollution 
S t i l l  o t h e r  i n t e r r e l a t i o n s  a r e  being s t u d i e d .  An i n p u t  o f  c r u c i a l  
importance is water  - p r i m a r i l y  produced by n a t u r e .  D i s t r i b u t i o n  
o f  r a i n f a l l  is r a t h e r  uneven however, and l o c a l  s u r p l u s s e s  may be 
badly needed elsewhere ( o r  a t  a n o t h e r  t ime o f  t h e  y e a r )  f o r  i r r i g a t i o n .  
In  l a r g e  p a r t s  o f  Asia and A f r i c a ,  a g r i c u l t u r e  could h a r d l y  be 
developed without  i r r i g a t i o n  wate r .  On t h e  o t h e r  hand, n o t  a l l  t h e  
water  f a l l i n g  o r  f lowing on a  p i e c e  o f  land is used up dur ing  t h e  
growing season.  Water l eav ing  t h e  a g r i c u l t u r a l  product ion process  may 
c a r r y  with it p a r t  of  t h e  chemicals  t h a t  have been brought on to  t h e  
land .  These a g r i c u l t u r a l  r e s i d u a l s  e n t e r  o t h e r  p a r t s  o f  t h e  b iosphere ;  
what a r e  t h e  e f f e c t s ?  Toxic subs tances  used i n  modern a g r i c u l t u r e  
may a l s o  be t r a n s p o r t e d  through t h e  a i r .  Therefore ,  t h e  p o l l u t i o n  
a s p e c t s  o f  a g r i c u l t u r e  a r e  where p o s s i b l e  being incorpora ted .  In  a  
broader  con tex t  t h e  q u e s t i o n  a r i s e s :  what e c o l o g i c a l  d i s t u r b a n c e s  
might be c r e a t e d  by extending more and mme t h e  a r e a  under c u l t i v a t i o n ,  
with t h e  consequent l o s s  of  v a r i e t y  i n  v e g e t a t i o n ?  
Demand-limitations- 
I t  is not  only a q u e s t i o n  o f  adequate p roduc t ion  and supply p o t e n t i a l ,  
but  t h e  demand s i d e  has  t o  be taken  i n t o  account  a s  w e l l .  Without 
s u f f i c i e n t  demand f o r  food,  fa rmers  w i l l  not  produce (excep t  f o r  
t h e i r  own needs) .  Demand can e f f e c t i v e l y  i n c r e a s e  on ly  i f  t h e  
(non-agrar ian)  popula t ion  has  enough buying power, and t h i s  i n  t u r n  
depends on produc t ive  employment a t  reasonable  wages. 
A g r i c u l t u r a l  product ion ( i n  p a r t i c u l a r  food c r o p s )  i n  developing 
c o u n t r i e s  cannot g a i n  momentum, while  e f f e c t i v e  demand remains 
s t a g n a n t .  But a t  t h e  same t ime it should be remembered t h a t  an 
i n c r e a s e  i n  e f f e c t i v e  demand does not  n e c e s s a r i l y  s t i m u l a t e  t h e  
smal l  farmer t o  produce more; t h i s  depends on t h e  a g r i c u l t u r a l  
i n s t i t u t i o n s  t h a t  may o r  may not  be conducive t o  a  p o s i t i v e  response 
by t h e  farmer ( t y p e  o f  land ownership, c r e d i t  f a c i l i t i e s ,  middl-emen, 
e t c .  1. 
Trade-and-investment 
F i n a l l y ,  our  a n a l y s e s  o f  t h e  a g r i c u l t u r a l  s e c t o r s  i n  t h e  v a r i o u s  
p a r t s  of  t h e  world w i l l  t a k e  i n t o  account  t h a t  c o u n t r i e s  and r e g i o n s  
a r e  no t  i s o l a t e d  u n i t s  but  a r e  mutua l ly  l i n k e d  through i n t e r n a t i o n a l  
t r a d e  and investment .  With only few e x c e p t i o n s ,  a l l  c o u n t r i e s  aim 
a t  a  r a t h e r  high degree  of  s e l f - s u f f i c i e n c y  i n  food produc t ion ;  
n e v e r t h e l e s s  i n t e r n a t i o n a l  t r a d e  i n  f o o d s t u f f s  and o t h e r  a g r i c u l t u r a l  
commodities i s  o f  g r e a t  importance. 
D i f f e r e n c e s  between c o u n t r i e s  i n  s o c i o - p o l i t i c a l  system(market 
e c o n m i c s  vs .  cen t ra l ly -p lanned  e c o n m i e s )  and i n  development l e v e l  
( r i c h  vs .  poor c o u n t r i e s )  i n f l u e n c e  t h e  way i n  which c o u n t r i e s  a r e  
l i n k e d  t o  t h e  world market.  
??her-sourcen-of -food 
A g r i c u l t u r e  i s  by f a r  t h e  most important  source  of food produc ts  f o r  
human consumption, e i t h e r  d i r e c t l y  ( v e g e t a b l e  p r o d u c t s )  o r  i n d i r e c t l y  
(an imal  p roduc ts ) .  I n d i r e c t  consumption of  p l a n t  m a t e r i a l ,  i . e .  through 
t h e  in te rmedia ry  o f  domest icized an imals ,  i s  r e l a t i v e l y  i n e f f i c i e n t  
i n  terms o f  t h e  c a l o r i c  va lue  l o s t  i n  t h e  conversion process .  
A change i n  t h e  r a t i o  between d i r e c t  and i n d i r e c t  consumption o f  
vege tab le  p roduc ts  would change u l t i m a t e  a v a i l a b i l i t y  o f  food i n  
terms of c a l o r i c  v a l u e ,  and might t h e r e f o r e  p l a y  a  r o l e  i n  a world 
food p o l i c y .  I n  a d d i t i o n  t o  a g r i c u l t u r e ,  t h e  c o n t r i b u t i o n  of  f i s h e r y  
t o  human food requi rements  should be taken  i n t o  account .  I t  w i l l  n o t  
be easy  t o  a s s e s s  t h e  p o s s i b i l i t i e s  o f  non-conventional  food 
product ion;  e x p e r t  opinion d i f f e r s  r a t h e r  widely on t h i s  p o i n t .  
John Garbut t  
May 20 ,  1974 
CONFI.ICT DYNAMICS IN THE CONTEXT OF GLOBAL MODELLING 
P.K. MtPherson (Professor of Systems Science, The City University, London) 
1. Introduction 
--
Some two years ago when the "Limits to Growth" study was made p1~1b1.i~ and
its many imperfections became apparent a group in the Department of Syrtclns 
* 
Science formed to consider what contribution it might make to render the 
embryonic art of global modelling more realistic and less open to criticism. 
* * 
We were 2 group of dynamicists and political scientists who, being busy 
faculty members, had little time to spare for an additional research project 
but we were also reasonably sure that global modelling was a legitimate 
enterprise in the Futures field and that it deserved serious attention. It 
seemed to us that the exercise of global modelling would (1) yield additional 
understanding of the various mechanisms that govern the interactions betwecn 
regions, resources, economics etc., and (2) provide a promising test-bed for 
the evaluation of long-term policies and strategies. But it also seemed to 
us that the best climate for global modelling at present would be provided 
by a considerably reduced concern about what ought to be done about world 
issues balanced by a considerably greater attention to the development of 
global modelling as a valid technique for the study of such issces. Finally 
it seemed that the philosophical and scientific problems underlying both t.he 
exercise and technique of global modelling were of such an order that thcre 
was no question of letting a band of inexperienced Ph.D. students loose to 
research on the problems until those problems had been identified and ordered 
by maturer study. 
So this group had neither the inclination nor the effort to produce yet another 
world model. But there was one thing that we could do: we could disco-der if 
it might be possible to bring real, behaving squabbling people into such 
* 
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models. The p o l i t i c a l  s c i e n t i s t s  i n  t h e  group a r e  s p e c i a l i s t s  i n  i n t e r n a t i o n a l  
r e l a t i o n s  and c o n f l i c t  r e s e a r c h ;  t h i s  meant t h a t  our  combined s k i l l s  would 
al low us t o  b r i n g  some competence t o  t h e  problems of c o n s t r u c t i n g  a  mathe- 
m a t i c a l  model of c o n f l i c t  behaviour .  So some two y e a r s  ago we launched a  
very  par t - t ime  p r o j e c t  t o  exp lore  t h e  problems of r e p r e s e n t i n g  c o n f l i c t  
dynamics i n  t h e  con tex t  of g l o b a l  model l ing.  I n  doing t h i s  we would be con- 
t r i b u t i n g  bo th  t o  p o l i t i c a l  s c i e n c e  and t o  t h e  development of world m o d r l l i n g  
methodology. 
Our p rogress  h a s  been slow: t h e  part- t ime n a t u r e  of t h e  group has  been no ted  
a l r e a d y ,  b u t  we have' a l s o  proceeded a t  a  r a t e  which t h e  d i s c i p l i n e  of p o l i t i c a l  
s c i e n c e  can j u s t  b e a r .  It would have been only too  easy  f o r  t h e  dynamicis ts  
themselves t o  have concocted an apparen t ly  p l a u s i b l e  model of c o n f l i c t  w i t h i n  
a  week o r  two a f t e r  sone conversa t ions  w i t h  t h e  p o l i t i c a l  s c i e n t i s t s .  But t h a t  
i s  n o t  our  method: our  model was t o  be developed w i t h i n  t h e  t h e o r e t i c a l  frame- 
work of  p o l i t i c a l  s c i e n c e  a s  w e l l  a s  w i t h i n  t h e  much more h i g h l y  developed 
t l i e o r e t i c a l  framework of  c o n t r o l  theory  and model dynamics. Accordingly we 
s p e n t  many months s e a r c h i n g  f o r  and a rgu ing  about a p p r o p r i a t e  t h e o r e t i c a l  
s t r u c t u r e s  f o r  a  c o n f l i c t  rnodel and then t r y i n g  t o  d e f i n e  behavioura l  i n d i c a t o r s  
t h a t  would b e  b o t h  u s e f u l  i n  a  mathematical  model and a c c e p t ~ b l e  t o  a t  l e a s t  
some mainstream p o l i t i c a l  s c i e n t i s t s .  Our p o l i t i c a l  s c i e n t i s t s  provided t h e  
v i t a l  l i n k  between t h e  or thodox s tudy  of  p o l i t i c a l  phenonema and t h e  dy,~anli- 
c i s t s  who were a l l  too anxious t o  b r i n g  t h e i r  h igh  l e v e l  mathematical  language 
Lo b e a r  on t h e  problem, (and o f t e n  a s t o n i s h e d  t h a t  any d i s c i p l i n e  c a l l i n g  i t -  
s e l f  a  s c i e n c e  could b e  s o  s p a r e  of  r e c o g n i s a b l e  t h e o r y ) .  Hence o u r  p r o g r e s s  
has been s low because we re fused  t o  break t h e  l i n k s  between what we were doing 
i n  mathemat ic i s ing  c o n f l i c t  a n a l y s i s  and t h e  p a r e n t  f i e l d  of p o l i t i c a l  s c i e n c e .  
Our model i s  t r i v i a l  by t h e  s tandards  of t h e  systems engineer  o r  o p e r a t i o n s  
r e s e a r c h e r ,  b u t  i t  i s  l igh t -years  ahead of what t h e  more or thodox p o l i t i c a l  
s c i e n t i s t  can t o l e r a t e .  I labour  t h i s  p o i n t  because i t  seems t o  me t h a t  many 
of t h e  woes t h a t  have descended on world-modelling a r e  due t o  t h e  impat ience  
of some o f  t h e  teams s o  engaged and t h e i r  b r e a k i n g  of t h e  l i n k s  between t h e i r  
model l ing e x e r c i s e s  and t h e  a p p r o p r i a t e  p a r e n t  d i s c i p l i n e s .  We console our-  
s e l v e s  i n  our  slow progress  w i t h  Aesop's f a b l e  of t h e  t o r t o i s e  and t h e  h a r e .  
A i m s  and O b j e c t i v e s  of t h e  "City" C o n f l i c t  Dynamics Model 
Aims: 5 )  To i n v e s t i g a t e  t h e  a p p l i c a t i o n  o f  mathematical  model l ing and cont ro l  
theory  i n  s o c i o - p o l i t i c a l  systems,  p a r t i c u l a r l y  i n  c o n f l i c t  reso lu-  
t i o n .  
i i )  To g a i n  i n s i g h t  i n t o  t h e  s t r u c t u r e  and behavioura l  dynamics of 
complex s o c i o - p o l i t i c a l  sys  telus under s t r e s s  and d e p r i v a t i o n .  
i i i )  To o f f e r  a  method f o r  adding models of human behaviour  t o  t h e  
e x i s t i n g  range of world models, ( a t  p r e s e n t  t h e i r  "Popula t ion  
Model" t r e a t s  people o n l y  a s  consumers, c o p u l a t o r s  and c o r p s e s ) .  
O b j e c t i v e s :  i )  To d i s c o v e r  what s o c i o - p o l i t i c a l  d a t a  and i n d i c a t o r s  a r e  
r e q u i r e d  f o r  t h e  adequate mathematical  r e p r e s e n t a t i o n  of 
c o n f l i c t  behaviour .  
i i )  To c o n s t r u c t  a  c o n f l i c t  model t h a t  w i l l  be compatible  w i t h  
t h e  dynamics o r  causa l  l a y e r  of t h e  c u r r e n t  range of world 
models. 
i i i )  To e s t i m a t e  a h o s t i l i t y  i n d i c a t o r  which would "measure" 
t h e  i n c r e a s e  of h o s t i l e  a t t i t u d e s  between or  w i t h i n  popu- 
l a t i o n s  as a  f u n c t i o n  of  world model v a r i a b l e s .  
i v )  To use  t h i s  i n d i c a t o r  t o  s u g g e s t  c o n f l i c t  t h r e s h o l d s  i n  
world m d e l s .  (Any s l i g h t  acqua in tance  w i t h  t h e  human 
animal l e a d s  one t o  suppose t h a t  he w i l l  be f i g h t i n g  h i s  
neighbour hard long b e f o r e  t h e  onse t  of t h e  f i n a l  c a l a m i t i e s  
"preclicted" by some world models. Thus i t  i s  important  f o r  
world models t o  t r a c e  human h o s t i l i t y  a s  w e l l  a s  such quan- 
t i t i e s  a s  r e s o u r c e  s c a r c i t y ,  q u a l i t y  of l i f e ,  e t c . )  
3. Problems encountered 
The main problems encountered so f a r  have been:- 
i )  C o n c e p t u a l i s a t i o n :  t h e  s o c i a l  and p o l i t i c a l  s c i e n c e s  a r e  f u l l  of fuzzy  
concepts  l i k e  p o l i t i c a l  power, s o c i a l  s t a b i l i t y ,  s o c i a l  i n t e g r a t i o n ,  d i s -  
c o n t e n t  e t c .  These need to  have very  c l e a r  o p e r a t i o n a l  d e f i n i t i o n s  i f  
they  a r e  t o  p rov ide  key v a r i a b l e s  i n  a  mathematical  model. 
i i )  Theory: a g a i n  t h e r e  i s  a  n o t i c e a b l e  absence of r i g o r o u s  t h e o r i e s  of 
p rocess  and s t r u c t u r e  i n  t h e  s o c i a l  and p o l i t i c a l  s c i e n c e s .  Such a s  do 
e x i s t  a r e  i n  v e r b a l  form, (and of t e n  very  d i f f u s e )  : t h e s e  must be  t r a n s -  
l a t e d  i n t o  mathematical  equa t ions  i n  such a  way t h a t  t h e  u n d e r l y i n g  
meaning and i m p l i c a t i o n s  a r e  r e t a i n e d .  
i i i )  Data: a )  t h e  d i f f i c u l t y  of f i n d i n g  i n d i c a t o r s  which r e l a t e  t o  t h e  
v a r i a b l e s  commonly used i n  t h e  s o c i a l  and p o l i t i c a l  s c i e n c e s ,  
e .g . :  (number of c a r s  o r  nunher of doc tors /person)  -g Modemiso t ion ,  
( r a t e s  of s u i c i d e ,  a lcohol i sm,  emigra t ion)  + Disconten t .  
(b) t h e  pauc i ty  of d a t a  r e l a t i n g  t o  p o l i t i c a l  and c o n f l i c t  t h e o r i e s  
(There i s  no th ing  l i k e  a  "Cobb-Douglas ' H o s t i l i t y '  Function" 
c a r e f u l l y  researched  and compiled over  t h e  y e a r s ! ) .  
4 .  S t r u c t u r e  of t h e  model 
There was no need ,  and even l e s s  j u s t i f i c a t i o n  t o  c o n s t r u c t  an o v e r e l a b o r a t e  
model s o  we contented ourse lves  w i t h  t h e  concept of two d i s t i n c t  e t h n i c  popu- 
l a t i o n s  w i t h i n  one economic boundary - t h e  c o n f l i c t  between t h e  popula t ions  
be ing  engendered by t h e  d e p r i v a t i o n  ( a c t u a l  and perce ived)  of one p o p u l a t i o n  
r e l a t i v e  t o  t h e  o t h e r ,  (Fi.g. 1 ) .  Such a  model, s imple  though i t  i s ,  i s  t y p i c a l  
of many c o n f l i c t  s i t u a t i o n s  i n  t h e  world today ,  e .g .  Canada, Cyprus, P a k i s t a n ,  
South A f r i c a ,  U l s t e r .  (Good manners p r e v e n t s  us from s u g g e s t i n g  t h a t  o t h e r  
empi res ,  whether ~ k ~ e r i a l i s t  o r  S o c i a l i s t ,  might a l s o  have l e f t  beh ind ,  o r  be  
c a u s i n g ,  s i m i l a r  c o 2 f l i c t s ! . )  Such i n t r a n a t i o n a l  c o n f l i c t  has  t h e  a t t r a c t i o n  
t h a t  t h e  d a t a  f o r  only one d i s t i n c t  r e g i o n  need be  r e s e a r c h e d :  c l e a r l y  anlpli- 
f i c a t i o n  t o  r e p r e s e n t  economic h o s t i l i t y  between, s a y ,  t h e  developed and under- 
developed worlds i s  a  m a t t e r  mainly o f  aggrega t ion ,  (no t  f o r g e t t i n g  t h a t ,  a t  
t h i s  l e v e l ,  d i f f e r e n c e s  of c u l t u r e s ,  needs and co lour  may have a  more s i g n i f i -  
c a n t  e f f e c t ) .  To g ive  focus t o  t h e  c o n s t r u c t i o n  of t h e  model t h e  team concen- 
t r a t e d  on t h e  South Afr ican  s i t u a t i o n .  
The b a s i s  of our  model i s  t aken  from t h e  work of  Gurr ,  Rummel, Johnson, T a n t e r  
and Davies ( I ) ,  p a r t i c u l a r l y  Gurr and Davies who sugges t  t h a t  d i s c o n t e n t  with-  
i n  a  p o l i t i c a l  community i s  one of t h e  main causes of  v i o l e n t  behaviour .  A 
conceptua l  model of t h e  manner i n  which d i s c o n t e n t  i s  converted i n t o  more o r  
l e s s  v i o l e n t  beliaviour proceeds a s  f o l l o w s ,  (Fig.  2 ) :  a  s e n s e  of  R e l a t i v e  
Depr iva t ion  (RD) i s  produced i n  a  black-box which r e c e i v e s  a  s e t  of unspeci-  
f i e d  i n p u t s .  The s e n s e  of  R e l a t i v e  Depr iva t ion  i s  processed  i n  ano ther  b lack-  
box a q l i f y i n g  o r  d imin ish ing  t h e  s e n s e  t o  produce a  f e e l i n g  of Disconten t  (D): 
i i l f l u e n c i n g  v a r i a b l e s  would be  such f a c t o r s  a s  t h e  perce ived  leg i t imacy  of 
t h e  d e p r i v a t i o n  o r  t h e  i n j u s t i c e  of  always be ing  ( a p p a r e n t l y )  t h e  underdog. 
The f e e l i n g  of  Disconten t  i s  f u r t h e r  modif ied i n  ano ther  black-box t o  p rov ide  
a  b e h a v i o u r a l  response  ou tpu t :  C o n f l i c t  Response (CR) which maps i n t o  a  
s c a l e  rang ing  from Res igna t ion  through Non-violent p r o t e s t  t o  V i o l e n t  C o n f l i c t .  
I n f l u e n c i n g  v a r i a b l e s  on t h i s  l a s t  black-box a r e  such f a c t o r s  a s  a n t i c i p a t e d  
punish~~e~ent  i f  caught ,  o f f i c i a l  o p p o r t u n i t i e s  f o r  i n s t i t u t i o n a l  p r o t e s t .  The 
black-boxes a r e ,  of course ,  t h e  behaviourn l  mechanisms of t h e  i n d i v i d u a l  
person.  
Af te r  c o n s i d e r a b l e  d e l i b e r a t i o n  t h e  group s e t t l e d  on seven s o c i o - p o l i t i c a l  
v a r i a b l e s  t o  r e p r e s e n t  b i p o l a r  c o n f l i c t  w i t h i n  a  r e g i o n a l  populat iol l  whereby 
t h e  d i s c o n t e n t  i n  one segment of  t h e  popula t ion  (B) a r i s i n g  from i t s  sense  of 
r e l a t i v e  d e p r i v a t i o n  i s  t ransformed i n t o  h o s t i l i t y  towards t h e  o t h e r  p o p u l a t i o n  
segment ( A )  which appears  t o  be impeding B's a s p i r a t i o n s  and e x p r p t a t i o n s .  The 
v a r i a b l e s  we s e l e c t e d  were:- 
1 )  Comnunity s i z e :  P 2)  P o l i t i c a l  Power PP 
3) I n t e r n a l  cohesion CHS 4 )  Disconten t  DSC 
5) H o s t i l i t y  HOS 6) C o n f l i c t  Behaviour CFL 
7) E x t e r n a l  suppor t  ESP. 
S u f f i c e s  A ,  B  denote  t h e  two groups w i t h i n  t h e  community. A i s  assumed t o  be 
an i n i t i a l l y  dominant group w h i l e  B i s  an i n c r e a s i n g l y  r e s t i v e  group of low 
s o c i a l  and economic s t a t u s .  The model has  been e x t e n s i v e l y  r e p o r t e d  e l s e -  
where (2,3)  and no d e t a i l  w i l l  be  p resen ted  h e r e .  F igure  3  s u m a r i z e s  t h e  
s t r u c t u r e  of t h e  s o c i o - p o l i t i c a l  s e c t i o n  f o r  p o p u l a t i o n  A: t h e  model f o r  
p o p u l a t i o ~ ~  B i s  s i m i l a r .  The under ly ing  economic model i s  q u i t e  s t a n d a r d :  
as  can b e  s e e n  economic v a r i a b l e s  a r e  r e f l e c t e d  s t r o n g l y  i n  t h e  s o c i o - p o l i t i c a l  
s e c t o r  b u t  only t h e  c o n f l i c t  behaviours  of t h e  two popula t ions  a r e  used t o  
i n t e r a c t  w i t h  t h e  economic model, (a  r i s e  i n  CFL and. CFL reduces  t h e  r a t e  A B  
of c a p i t a l  investment  and hence causes a  drop i n  p roduc t ion . )  
The argument of the  model fol lows t h e  b a s i c  GurrfDavies  concept i n  t h a t  a  
Lee l ing  of d i s c o n t e n t  i s  e x t e r n a l i z e d  as h o s t i l i t y  towards t h e  o t h e r  p o p u l a t i o n  
( scapegoa t ing)  which causes ,  i n  t u r n ,  c o n f l i c t  behaviour  t o  a  g r e a t e r  o r  l e s s e r  
d e g r e e ,  ( t h i c k  l i n e s  i n  F i g .  3 ) .  Th is  b a s i c  behavioura l  p a t t e r n  i s  modif ied 
by  each group ' s  s e n s e  of cohesion and p o l i t i c a l  power, (bo th  of which a r e  
deemed t o  be  s e l f - r e i n f o r c i n g ,  hence t h e  p o s i t i v e  s e l f - l o o p s  round CHS 'and PP). 
The v a r i a b l e  r e p r e s e n t i n g  a i d  and succour from t h e  o u t s i d e  wor ld ,  ESP, i s  
thought  t o  encourage a  popula t ion  towards s e l f - r e a l i s a t i o n ,  b u t  t h e  s u p p o r t  
w i l l  b e  reduced i f  t h e  l e v e l  of c o n f l i c t  behaviour  r i s e s .  The a c t u a l  i n t e r -  
dependency of t h e  v a r i a b l e s  can b e  deduced from a  de ta i l . ed  s c r u t i n y  of  F i g .  3. 
It w i l l  be  s e e n  t h a t  t h i s  model t r e a t s  c o n f l i c t  l a r g e l y  as  a  m a t t e r  of 
economic s t a t u s  and well-being.  This  i s  a  g r o s s  s i m p l i f i c a t i o n ,  b u t  i t  t i .es 
i l l  w i t h  t h e  m a t e r i a l i s t  b i a s  of c u r r e n t  world models and it i s  a  n o t  too in-  
a c c u r a t e  r e p r e s e n t a t i o n  of t h e  j e a l o u s i e s  t h a t  p r e s e n t l y  a f f l i c t  us. 
). Q u a n t i f i c a t i o n  of t h e  model 
Cons iderab le  thought has  been given t o  t h e  problem of d e f i n i n g  t h e  i n d i c a t o r s  
f o r  t h e  s o c i o - p o l i t i c a l  v a r i a b l e s  i n  t h e  model and a  l a r g e  number havc been 
l i s t e d  which a r e  probably countable .  For  example some of t h e  i n d i c a t o r s  l i s t e d  
f o r  Cohesion a r e :  geographica l  c o n c e n t r a t i o n ,  exc lus iveness  of  o r g a n i s a t i o n s ,  
( s o c i a l ,  p o l i t i c a l  and t r a d e  un ions) ,  l e v e l  of i n t e r m a r r i a g e ,  s e p a r a t e n e s s  of 
e d u c a t i o n  and r e l i g i o n ,  low l e v e l  of s o c i a l  c o n t a c t ,  d i s t i n c t  elnployment 
p a t t e r n s ,  s t r o n g  self- image.  Such i n d i c a t o r s  come q u i t e  r e a d i l y  t o  mind b u t  
t h e i r  re levarice a s  p roper  measures f o r  t h e  v a r i a b l e  i n  q u e s t i o n  must h e  de- 
mons t ra ted  by c a r e f u l  a n a l y s i s  and c o r r e l a t i o n  of t h e  a v a i l a b l e  d a t a .  F u r t h e r  
many of t h e  i n d i c a t o r s  e i t h e r  i n  t h e  l i t e r a t u r e  o r  sugges ted  by t h e  team a r e  
c l c a r l y  no t  independent:  f o r  example a high  v o t i n g  turn-out  f o r  colmnunity- 
based y a r t i e s  i s  thought t o  be  one good i n d i c a t o r  f o r  p o l i t i c a l  power, b u t  i t  
i s  s1l;ely a l s o  a  measure of cohesiveness  a s  w e l l ;  on t h e  o t h e r  hand v o t i n g  
absenteeism i s  o f t e n  taken a s  a  measure of d i s c o n t e n t .  C l e a r l y  an enormous 
amount of  c a r e f u l  p a i n s t a k i n g  r e s e a r c h  i s  r e q u i r e d  b e f o r e  a  s e t  of v a l i d ,  
independent  and i n c l u s i v e  i n d i c a t o r s c a n  be  e s t a b l i s h e d .  This  work l i e s  i n  
che f u t u r e  and i s  one of t h e  major i s s u e s  t h a t  conf ron ts  p o l i t i c a l  s c i e n c e .  
To g a i n  some exper ience  wi th  t h e  use  of such models t h e  team indulged  i n  a  
pseudo-quant i f i ca t ion  e x e r c i s e  t o  p rov ide  "reasonable. and r e p r e s e n t a t i v e "  
numerical  va lues  f o r  t h e  c o e f f i c i e n t s  and time c o n s t a n t s  i n  t h e  model. The 
numbers were ob ta ined  v i a  the  Delphi method (a grand name f o r  "guess":) and 
a f t c r  a  few i t e r a t i o n s  a  coherent  s e t  emerged which t h e  team agreed r e p r e s e n t e d  
t h e i r  c o l l e c t i v e  unders tancling of t h e  g e n e r a l i t i e s  of  economic a p a r t h e i d .  The 
i n s e r t i o n  of t h e  numbers allowed u s e f u l  work t o  be done i n  e l i m i n a t i n g  some 
c l e a r l y  unreasonable u n s t a b l e  economic behaviour ,  and subsequent  runs  i n d i c a t e d  
t h a t  t h e  model responded i n  an i n t e r e s t i n g  i f  l i m i t e d  way t o  changes i n  such 
b a s i c  parameters  a s  r a t e  of change of  GNP and p o p u l a t i o n .  It w i l l  be under- 
s tood  why t h e  team i s  u n w i l l i n g  t o  p u b l i s h  t h e s e  response  curves :  t h e  model 
i s  f i c t i o n  i n  t h a t  t h e  "data" was invented  and t h e  runs  were made on ly  t o  
e s t a b l i s h  t h a t  t h e  model was useab le  . . . and of course  we were c u r i o u s  t o  s c e  
what: t l ~ e  responses  i n d i c a t e d !  
6.  F u r t h e r  work 
Ttie immediate development i s  a t  a  s t a n d s t i l l  due t o  t h e  complete l a c k  of d a t a  
and v a l i d a t e d  s o c i o - p o l i t i c a l  i n d i c a t o r s .  TO overcome t h i s  b a r r i e r  i s  a  
major e x e r c i s e  and we a r e  seek ing  s u p p o r t  t o  f i n a n c e  f u l l - t i m e  r e s e a r c h e r s  
t o  c r e a t e  t h e  necessary  data-base and e s t a b l i s h  t h e  a p p r o p r i a t e  i n d i c a t o r s .  
We now lcilow what t o  look f o r .  I n  t h e  meantime we i n t e n d  t o  r e p e a t  t h e  work 
we have done,  b u t  t h i s  time f o r  i n t e r n a t i o n a l  c o n f l i c t  a s  t h e  d a t a  a t  t h i s  
macrolevel  has  been s u b j e c t  t o  more r e s e a r c h .  We w i l l  a l s o  look a t  a l t e r -  
n a t i v e  approaches such a s  s i m u l a t i o n  and gaming. \Je have examined a l r e a d y  
t h e  use  of fuzzy l i n g u i s t i c  v a r i a b l e s  r a t h e r  than  fuzzy numbers, b u t  our  
i n i t i a l  enthusiasm f o r  Zadeh's i d e a s  a r c  beg inn ing  t o  wane. One i n t e r e s t i n g  
e x e r c i s e  has  been undertaken us ing  fuzzy s e t s  t o  r e p r e s e n t  u n c e r t a i n t y  i n  
such models, b u t  a t  p r e s e n t  we cannot s e e  t h a t  t h e  use of l i n g u i s t i c  v a l - i ~ b l e s  
o f f e r s  any s i g n i f i c a n t  p r a c t i c a l  advantage i n  our  kind of s i m u l a t i o n :  i t ' s  
a  l o v e l y  theory  b u t  i s  t h e r e  any r e a l  i n c r e a s e  i n  computing e f f i c i e n c y  o r  
r e a l i s m ?  
7 .  Conclusions 
A t  f i r s t  s i g h t  our  e f f o r t  over  t h e  l a s t  two y e a r s  o r  s o  might appear  t o  be 
d i scoureg ing :  we have made no break throughc ,  and :;e a r e  ~ n l y  too a a 7 e  of 
t h e  magnitude of t h e  t a s k  t h a t  l i e s  ahead b e f o r e  v a l i d a t e d  and q u n ~ l t i f i e d  
mathematical  models can be used a s  a  m a t t e r  of  course  i n  t h e  a n a l y s i s  and 
p r e d i c t i o n  of s o c i o - p o l i t i c a l  behaviour .  Iiowever our  work has  shown t h a t  
i )  i t  i s  p o s s i b l e  t o  convert  t h e  v e r b a l  t h e o r i e s  of p o l i t i c a l  s c i e n c e  (as  
r e f e r r e d  t o  c o n f l i c t )  i n t o  mathematical  form i n  a  manner t h a t  i s  accep t -  
a b l e  t o  p o l i t i c a l  s c i e n t i s t s .  
i i )  such models promise t o  be r e p r e s e n t i a t i v e  of cornuni ty  bellaviour and can : 
I 
t h e r e f o r e  be used t o  a c q u i r e  i n s i g h t ,  t o  o b t a i n  b e t t e r  exp l .ana t ions ,  ant11 
- perhaps - t o  make p r e d i c t i o n s .  I 
i i i )  such models could be  used t o  p rov ide  a p p r o p r i a t e  c o n f l i c t  i n d i c a t o r s  i n  
world-models. 
i v )  t h e r e  is  no th ing  i n  p r i n c i p l e  t o  p revent  t h e  model l ing o f  many o t h e r  
a s p e c t s  of s o c i o - p o l i t i c a l  behaviour .  'I 
v )  t h e  under tak ing  of  such an e x e r c i s e  i d e n t i f i e s  w i t h  c o n s i d e r a b l e  p r e c i s i  
t h e  a r e a s  of r e s e a r c h  r e q u i r e d  w i t h i n  p o l i t i c a l  s c i e n c e  t o  a  
4 
formal  b a s i s  f o r  t h e  model approach. 
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I .  A NEW T Y P F  OF PRODUCTION FUNCTION 
1. CONCEPT 
The development of the General Production Function is based 
on a certain understanding of the functioning of societal 
systems in general. Therefore, we think it will be useful to 
start with some remarks on the underlying concept. At first, 
it should be noted that society can be thought of as a 
complex, multihierarchical system. This system is character- 
ized by the interaction of a great number of subsystems, and 
it is thie interaction which enables the overall system to 
function. Economy is one of these subsystems. Therefore, if. 
'we want to understand how this subsystem works, we must 
go beyond the economic sphere proper and consider also the 
interrelations with other subsystems. 
.Society has another characteristic feature in common with 
other systems, namely its ability of processing energy and 
information. The economic output of a social systemois there- 
fore governed by its capaaify to cope with these two fundament- 
al processes. Argumenting in such a way we are applying a 
concept which clearly' shows the influence of K. W. Deutsch 
( 9 1 ,  who understands society as a self-developing cybernetic 
system: Superimposed on a control system, in which the material 
processes take place, there is a system of information recept- 
ors, information channels, information storing units and 
logical units. This network receives information on the actual 
situation, on environmental changes and on the internal struct- 
ure of the system. It then processes this information using 
additional information stored in the past* This process gives 
rise to new information ,which regulatesthe measurea to be 
taken, that is to say the commands given to the control 
mechanism. 
The energy processing capacity of a system as well as its 
capability of mastering information are not sufficient to 
determine a system's economic output. A third component ie 
needed to describe adequately the complex processes just 
mentioned. On the one hand, this third factor reflects the 
objectivCs toward which the efforts of this system are 
directed. On the other hand, however, the way the system 
is organized, i. e. the regulation and coordination of the 
energy and, in particular, the information processing operat- 
ions, also ought to play a certain role. These two components 
are the chief determinants of the third factor, i. e. 
structure. This factor,thus describes the objectives of the 
system and the organisation of its energy and data proces- 
sing subsystems, that corresponds to these goals. 
This model, of which only a short outline has been given here, 
has served as a basis for the investigation of the societal 
subsystem economy, The chapters which follow will ghow how 
a country's economic performance can be described as a 
function of its energy and data processing capacity and of 
its structure. 
2. THE FACTORS INFLUENCING ECONOMIC DEVELOPMENT 
Applying the concept described above to the study of economic 
development we are led to formulate the following hypothesie: 
per capita income (y) = economic output 
energy (m) = energy processing capacity (capital) 
education (b) 
structure (p) 
= data process.ing capacity 
= values, type of organisat- 
ion, types of behavior 
and 'mineral resources (r) 
The use of some of the above mentioned production factore 
is more or less common practice. 
The factor capital - which, as will be shown below, shows 
a close correlation with energy consumption - constitutes 
a common component of almost any economic production function, 
The relationship between capital input and economic perform- 
ance has been dealt with in a great number of previous 
studies, and we find also attempts to measure this relation 
on the basis of international comparisons. A study by 
Galenson and Pyatt (15) is such an attempt to test the 
assumptions underlying the theory of growth by means of 
an international comparison. Thereby it has become apparent 
that too oimpte aeeumptione are not euitcd to czpZaiv..the 
internationat differenoee in eoonomio growth. 
' 1 





Pig. 1: Invrstmrntr and groothratcr Cn tha oountriar of the 
vor Ld 
O b v i o u s l y  t h i s  s t u d y  h a s  r u n  i n t o  d i f f i c u l t i e s .  The a u t h o r s  
a r e  c o n f r o n t e d  w i t h  p rob lems  which  a r e  v e r y  s i m i l a r  t o  
t h o s e  e n c o u n t e r e d  i n  many o t h e r  s t u d i e s ,  r e l y i n g  o n  i n t e r -  
n a t i o n a l  c o m p a r i s o n  a s  a ~ m e a n s  o f  t e s t i n g  t h e i r  h y p o t h e s e s .  
For  t h e  most p a r t  t h e s e  s t u d i e s  h a v e  n o t  s u c c e e d e d  i n  t a k i n g  
a c c o u n t  o f  t h e  g r e a t  number o f  g e o g r a p h i c a l ,  c u l t u r a l ,  c l i m a t i c  
a n d  p o l i t i c a l  d i f f e r e n c e s  among t h e  i n d i v i d u a l  c o u n t r i e s  o f  
t h e i r  sample .  I n  o t h e r  w o r d s ,  t h e  o b s e r v e d  d i f f e r e n c e s  i n  
income ( d e p e n d e n t  v a r i a b l e )  r e s u l t  f r o m  h e t e r o g e n e o u s  i n -  
f l u e n c e s  which  c a n n o t  b e  a d e q u a t e l y  e x p l a i n e d  by d i f f e r e n c e s  
i n  c a p i t a l  i n p u t s .  They mus t  b e  e x p l i c i t l y  c o n t r o l l e d  and  
e n t e r e d  s e p a r a t e l y  i n t o  t h e  s t u d y .  Not t a k i n g  care o f  t h e s e  
i n f l u e n c e s  c o r r e s p o n d s  t o  a n o n - f u l f i l m e n t  o f  t h e  ceter is-  
p a r i b u s - c o n d i t i o n .  
T h i s  g i v e s  r i s e  t o  t h e  demand f o r  a n  e f f i c i e n t  methodology  
which t a k e s  a c c o u n t  o f  t h e s e  v a r i o u s  i n f l u e n c e s .  One s u c h  
method would u n d o u b t e d l y  c o n s i s t  o f  f o r m i n g  g r o u p s  o f  
c o u n t r i e s  w i t h i n  which  t h e  combined e f f e c t  o f  t h e s e  non- 
o b s e r v e d  b u t  r e l e v a n t  i n f l u e n c e s  o n  e a c h  c o u n t r y  i s  n e a r l y  
c o n s t a n t  . 
An i m p o r t a n t  c l u e  f o r  t h e  f o r m a t i o n  o f  s u c h  g r o u p s  o f  
c o u n t r i e s  c o u l d  b e  p r o v i d e d  by o b s e r v i n g  t h e  h e a l t h  d e v e l o p -  
ment  i n  t h e  d i f f e r e n t  c o u n t r i e s  o f  t h e  w o r l d  s i n c e  t h e  be-  
g i n n i n g  o f  t h i s  c e n t u r y .  The time series f r o m  a l l  c o u n t r i e s  
o f  t h e '  w o r l d  f o r  w h i c h  f i g u r e s  a r e  a v a i l a b l e  h a v e  shown, 
t h a t  t h e  d e v e l o p m e n t  o f  h e a l t h  i s  f a i r l y  u n i f o r m  w i t h i n  
g r o u p s  of c o u n t r i a s ,  t h e s e  g r o u p s  b e i n g  a t  t h e  same t i m e  
s e n s i b l e  g e o g r a p h i c a l  aggregates. The  d i f f e r e n c e s  b e t w e e n  
the groups are big enough to decide to which group a 
specific country actually belongs. 
l Iatin I 
Ftg. 2 :  Heal th  deve  Zopment i n  South Amerioa. 
There a r e  t h r e e  d i e t i n o t  aonee ,  t h e  La P l a t a  S t a t e e ,  
t h e  C e n t r a l  American S t a t o e  and t h e  r e e t  o f  South 
Amerioa (Andean S t a t e e ) .  
. , 
Without going into details of the problems encountered here, 
we may interpret this observation as follows: Health statistics 
provide one very fundamental indicator of the de;elopment 
of a society. Here we are measuring the "pulsation" rate of 
the societal system as it were. It is governed by many factors 
which cannot adequately be measured directly. We may consider 
the adoption of medical innovations as one part of a more 
general social process, which is the adoption of innovations 
in general and which we call "learning process" - this 
hypothesis will be supported below by international comparisons 
of the relationship between education and economic performance. 
Thus, the regions differ as to their readiness and capabili- 
ty of adopting innovations. This general statement is based 
on the observations made.in one subsystem of the society, 
namely the health system. For it is the greater or smaller 
readiness to adopt medical innovations' that is responsible 
for a more rapid or slower improvement of health conditions. 
F i g .  3 :  Health development of  the  Afr ican,  Aeian and European 
populat ion groupe i n  South Afr ioa  
The diagram r e f e r s  t o  the  e i t u a t i o n  o f  oount r i ee  
whoee population oomee from three  d i f f e r e n t  o i v i l -  
i o a t i o n e .  
The differences in health development in the various group8 
of the population are striking. The development in each of 
the groups resembles that of the corresponding region from 
which the groups originated. This leads to the inteGpretat- 
ion, that the  f f e t r u c t u r e f f ,  i .  e .  the  value  eyetem, the  pat -  
terno of  behaviour and the  type0 o f  o r g a n i e a t i o n . o o n e t i t u t e  
an important faotor  responsible for the differences observed 
with regard to the development of health. 
The European countries can also be classified into zones 
according to their different health development. 
Fig. 
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I :  Health development i n  Europe 
There are  t h r e e  aonee, Northweetern Europe, Southern 
Europe and Eaetern Europe. Southern Europe and 
Eaetern Europe ehow much t h e  eame development.  
Applying the classification in groups of countries as present- 
ed in Fig. 4 to the data of Fig. 1 in order to separate the 
two grobps of European countries we arrive at a meaningful 
relationship: 
, . . . . , .  . . . , .  - 1  
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Fig. 6 :  Inveetmente  and growth r a t e e  i n  two groupe o f  
European ooun t r i ee  
The obeerva t ione  i n  t h i e  diagram are  d a t a  t a k e n  from 
Fig. I .  They ehow, t h a t  meaningful  ~ e l a t d o n e h i p e  e x i e t  
wSth5n groupe o f  e i m i l a r  o o u n t r i e e .  
The r e g r e s s i o n  l i n e s  showing economic  g r o w t h  p e r  u n i t  o f  
i n v e s t m e n t  l i e  on  d i f f e r e n t  l e v e l s  i n  c o u n t r i e s  w i t h  d i f -  
f e r e n t  p o l i t i c a l  and c u l t u r a l  s y s t e m s .  T h i s  o b s e r v a t i o n  
s u g g e s t s ,  that the difference0 of the politioal and cultural 
etruoture affect the effectiueneee with which capital ie 
ueed, t h u s  t h e  e n e r g y  p r o c e s s i n g  c a p a c i t y .  I n  a d d i t i o n  t o  
t h i s  f a c t u a l  f i n d i n g ,  t h e  e v i d e n c e  p r e s e n t e d  g i v b s  r i s e  t o  
t h e  m e t h o d o l o g i c a l  r e m a r k ,  t h a t  r e l i a b l e  r e s u l t s  i n  i n t e r -  
n a t i o n a l  c o m ~ a r i s o p s  c a n  o n l y  b e  o b t a i n e d  i f  d u e  a c c o u n t  
i s  t a k e n  of t h e  ceteris-paribuo-oondition* 
The m a j o r i t y  o f  t h e  s t u d i e s  made s o  f a r  h a v e  c o n s i d e r e d  man 
a s  a n  e l e m e n t  of a n  u n d i f f e r e n t i a t e d  f a c t o r  "Labor"  a n d  
h a v e  u s e d  j u s t  t h e  number o f  p e o p l e  i n  t h e  w o r k i n g  f o r c e  
a s  o n e  o f  t h e i n p u t  f a c t o r s .  V a r i o u s  a b i l i t i e s ,  d i f f e r e n c e s  
i n  t h e  l e v e l  o f  e d u c a t i o n  ( w h i c h  c o r r e s p o n d  t o  d i f f e r e n c e s  
i n  i n f o r m a t i o n  p r o c e s s i n g  c a p a c i t y )  h a v e  s o  f a r  b e e n  n e g l e c t -  
e d  o r  h a v e  n o t  b e e n  examined i n  r e l a t i o n  t o  t h e  o t h e r  f a c t o r s .  
Eu t  i f  w e  t a k e  a l o o k  a t  F i g .  6 we f i n d ,  t h a t  i t  i s  o b v i o u s -  
l y  o oountryb &we2 of eduoation w h i c h  h a p p e n s  t o  b e  very 
signifioantey oorrelated with its eoonomio performanoe a n d  
t h a t ,  t h e r e f o r e ,  t h i s  factor h a s  t o , b e  i n o l u d e d  i n  a p r o d u c t -  
i o n  f u n c t i o n .  ' 
4 A r e l a t i o n s h i p  s i m i l a r  t o  t h a t  p r e s e n t e d  i n  F i g .  5 h a s  been  
p o i n t e d  o u t  b y  K r e l l e  ( 2 5 )  t o  c o n f i r m  t h e  c l o s e  f i t  be tween  
c a p i t a l  i n v e s t m e n t  a n d  economic g r o w t h  a s  f o r m u l a t e d  by t h e  
t h e o r y  o f  g r o w t h .  T h i s  s t u d y  u s e d  e s s e n t i a l l y  d a t a  f rom i n d u s -  
t r i a l  c ~ u n t r i e s .  T h i s ,  however ,  c o r r e s p o n d s  w i t h o u t  b e i n g  
s p e l l e d  o u t  e x p l i c i t l y  t o  t h e  c l a s s i f i c a t i o n  o f  c o u n t r i e s  
a c c o r d i n g  t o  t h e  c r i t e r i u m  of similar s t r u c t u r e *  
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F i g ,  6 :  Per c a p i t a  income and Li teracy  r a t e 8  i n  group8 of 
count r i ee  w i t h  e i m i t a r  e t r u c t u r e  
The diagram e h o w  the  o t o e e  f i t  t o  the  exponent ia t  
r e t a t i o n  between the  eoonomio output  and t e v e t  of 
eduoat ion.  
C l o s e r  examinat ion  of  t h e  r e l a t i o n s h i p  between e d u c a t i o n  
and income i n  a  c r o s s - s e c t i o n  o f  c o u n t r i e s  r e v e a l s  t h a t  
t h e  a g g r e g a t i o n  o f  c o u n t r i e s  a c c o r d i n g  t o  t h e  c r i t e r i o n  
o f  s i m i l a r  h e a l t h  development i s  a l s o  a  good c r i t e r i o n  f o r  
t h i s  purpose .  The r e g r e s s i o n  c o e f f i c i e n t  o f  t h e  e d u c a t i o n  
+ i s  p r a c t i c a l l y  t h e  same i n  a l l  t h e  r e g i o n s .  The i n t e r c e p t s  
o f  t h e  r e g r e s s i o n  l i n e s  however d i f f e r  f rom one  zone t o  t h e  
o t h e r .  S i g n i f i c a n t  d i f f e r e n c e s  however do o c c u r  o n l y  between 
f i v e  l a r g e  zones o f  t h e  world.  
The ev idence  p r e s e n t e d  t h u s  f a r , c a n  be  summarized a s  f o l l o w s :  
The re  i s  s u f f i c i e n t  e m p i r i c a l  s u p p o r t  f o r  c o n c l u d i n g  t h a t  a 
c o u n t r y ' s  eoonomio performanoe i e  mainty determined by three  
f a o t o r e ,  name t y  o a p i t a  t J (energy  ), eduoatZon ( in format ion)  and 
e t r u o t u r e .  
'+ R e g i o n s a r e  d e f i n e d  by t h e  c r i t e r i o n  of e q u a l  h e a l t h  
development . 
Examination of  t h e  o u t p u t  d i f f e r e n c e s  among t h e  c o u n t r i e s  
of t h e  world r e v e a l s ,  t h a t ,  a p a r t  from t h e  f a c t o r s  d i s c u s -  
sed  s o  f a r ,  t h e  occurence  of  m i n e r a t  r eeouroee  i e  an  a d d i t i o n a l  
r o t e v a n t  f a o t o r .  
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Fig. 7: The e p e c i a l  p o e i t i o n  o f  Veneauela ,  T r i n i d q d  and 
Tobago i n  t h e  comparieon o f  per  o a p i t a  income and 
l i t e r a c y  i n  Sou th  Amerioa 
Veneaue t a  ' 8  t a r g e  d e v i a t i o n  from t h e  r e g r e e e i o n  t i n e  
i e  v e r y  e t r t k i n g  .and can  b e  e x p l a i n e d ,  e v e n  q u a n t i -  
t a t i v e l y ,  b y  t h i e  o o u n t r y ' e  i m p o r t a n t  o i t  p roduo t ion .  
The impor tan t  i n f l u e n c e  of  m i n e r a l  r e s o u r c e s  on t h e  l e v e l  of 
economic o u t p u t  i s  suppor t ed  by o b s e r v a t i o n s  i n  o t h e r  r e g i o n s ,  
i n  p a r t i c u l a r  i n  t h e  c o u n t r i e s  o f  t h e  Near E a s t  and i n  
A f r i c a .  
I f  we now combine a l l  t h e  i n d i v i d u a l  f a c t o r s  mentioned 
s e p a r a t e l y  s o  Pa r  w e  end up by g e t t i n g  a f u n c t i o n a l  r e l a t i o n -  
s h i p  which e x p l a i n s  t h e  i n t e r n a t i o n a l  d i f f e r e n c e s  i n  economic 
per formance  very  w e l l .  The oombinat ion  o f  o a p i t a l ,  e d u o a t i o n ,  
e t r u o t u r e  and n a t u r a l  r eeouroee  hue a  much h i g h e r  e x p l a n a t o r y  
power than  t h e  e imple  r e g r e e e i o n  on a  s i n g l e  f a o t o r .  T h i s  
i s  demons t r a t ed  g r a p h i c a l l y  i n  F in .  0 .  
s d u t h  America S o u t h e a s t  Europe 
~ a l c u l a t c d '  income in US-$ 
Fig.  8 ;  Comparieon o f  obeerved  per  c a p i t a  income and i t e  
e e t i m a t e d  ae o a t o u l a t e d  v a l u e  when aooount  i e  b e i n g  
t a k e n  o f  a t 2  t h e  f a o t o r e  
A l t  f a c t o r e  oombined y i e l d  a  muoh h i g h e r  e x p l a n a t o -  
r y  power. Dieorepanciee  be tween  obeerved  and ca lou -  
l u t e d  ua luee  a r e  i n e i g n i f i c a n t .  
The i n d i v i d u a l  f a c t o r s  a b e  combined by means o f  t h e  s o - c a l l e d  
Gene ra l  P roduc t ion  ~ u n c t i b n ,  which w i l l  be  d e s c r i b e d  mathe- 
m a t i c a l l y  i n  t h e  pa rag raph  which f o l l o w e .  
3 s  MATHEMATICAL EXPRESSION OF THE ''GENERAL PRODUCTION FUNCTION" 
y ..., p e r  d a p i t a  income, 'measured  i n  US-dol la rs  
p e r  i n h a b i t a n t  ( a n n u a l )  
P t , z  " e f f i c i e n c y  pa rame te r s  
. . 
a . . , e m p l o y m e n t . r a t i o  
m .'.. p e r  c a p i t a  c a p i t a l  i n p u t ,  measured by means 
o f  e n e r g y  i n d i c a t o r s  
b ... qualification of labor, measured by using 
educational indicators 
r ... natural resources index, measured by the 
value produced by mining operations, etc. 
Expression in parenthesis: limitationality parameter. 
This describes the diminishing efficiency of additional 
input units of capital or educational effort when de- 
parting from the optimal relationship (see below). 
The exponent of m and the coefficient of b have been estimate6 
in a cross-section of countries by econometric means. While 
the parameters are not exactly 1/4 or 1, respectively, they 
do not depart statistically significantly from these values 
used for the sake of simplicity. ' 
A closer look at this equation reveals an interesting relation 
between the General Production Function and the well known 
Cobb-Douglas Function which is of the type most frequently 
used in computing and estimating macro-economic production 
functions. It has been estimated for the first time for the 
United States and describes the relationship between both 
capital and labor inputs and income. The Cobb-Douglae Funct ion 
can be r e garde d  ae  a  e p e c i a l  ca ee  o f  t h e  Genera l  Pro d u c t i o n  
Funation:  if the two factors education and structure remain 
constant (social technology, organisation and management, 
values system etc. remaining static). In this static case 
the General Production Function becomes formally identical 
with the Cobb-Douglas Function. 
If we convert the per capita relationships of equation (1) 
to total values, while assuming no major departure from the 
optimal relationship (leaving out the expression f~r'com~lement- 
arity) and disregarding natural resources, we get 
. 
Y 1 3  
y = v  = ptz(l)$ b ) $ e b ; Y = e z e b ;  H ~ * V  (1.1 
constant 
capital letter ,. . . . total value 
V ..... population , 
Thus the time-series of American production from 1899 to 
1922 explained by Cobb and Douglas could equally well be 
explained by the General Production Function, assuming 
education and structure to have remained more or less constant 
over this period. As a matter of fact (as can be seen in , 
Fig. 9 1  the education explosion in the USA started a f t e r 
1922. Similar observations might be true about the structure 
which possibly began to crumble and become dynamic only with 
the onset of the Depression. 
F i g .  0: Number o f  o o t t e g e  g r adua tee  i n  the  USA f o r  t h e  
year8 1870 - 1970 
I t  i s  o t e a ~ t y  e v i d e n t  from t h i e  diagram t h a t  t h e  
e d u c a t i o n  e x p t o e i o f t  i n  t h e  USA began on l y  a f t e r  1020,  
4. CONTRIBUTION OF INDI~IDUAL FACTORS TO THE .PERFORMANCE OF 
THE ECONOMY 
When it came to the task of measuring the information proces- 
sing capacity of the system - which is closely tied to the 
qualification of labor - figures pertaining to the education- 
al structure were used. These figures were derived from en- 
rolrnent  d a t a  i n  t h r e e  d i f f e r e n t  l e v e l s .  They r e p r e s e n t  t h e  
amount o f  p r i m a r y ,  s econda ry  and h i g h e r  e d u c a t i o n  i n  t h e  
r e s p e c t i v e  c o u n t r i e s .  
Educa t ion  a p p e a r s  t o  be a  more r e l i a b l e  measure o f  q u a l i -  
f i c a t i o n  o f  l a b o r  t h a n ,  s a y ,  l e n g t h  o f  employment - which 
c o u l d  be t a k e n  a s  a n  i n d i c a t o r  f o r  l ea rn ing -by -do ing .  T h i s  
i s  s o  because  t h e  l a t t e r  i s  n o t  s imp ly  t ime-dependen t ,  b u t  
I 
i s  h i g h l y  mod i f i ed  by t h e  n a t i v e  i n t e l l i g e n c e ,  e d u c a t i o n a l  
l e v e l 9  and w i l l i n g n e s s  t o  l e a r n  o f  t h e  pe r son  s u b j e c t e d  t o  
t h i s  p r o c e s s .  I f  one ,  on t h e  o t h e r  hand ,  u s e s  e d u c a t i o n a l  
s t a t i s t i c s  A s  i n d i c a t o r s ,  one a r r i v e s  a t  a  measure  p robab ly  
c o n t a i n i n g  a l l  t h e  components j u s t  ment ioned .  Such e d u c a t i o n -  
a l  d a t a  n o t  o n l y  s t a t e  mere l e n g t h  o f  t r a i n i n g ,  b u t  a l s o  - 
as a  r e s u l t  o f  d rop -ou t s  and r e t a r d a t i o n  - t h e  components 
" ' a d a p t a b i l i t y "  and " w i l l i n g n e s s  t o  l e a r n " .  
Summarizing t h e  e m p i r i c a l  e v i d e n c e  conce rn ing  t h e  r e l a t i o n  
uetween e d u c a t i o n  and t h e  o t h e r  f a c t o r s  o f  t h e  Gene ra l  Product -  
i o n  F u n c t i o n  we may s t a t e :  f i r s t  we f i n d  an  exponen t ia t  
r e t a t i ~ n s h i p  between the  q u a t i f i c a t i o n  of t abor  ( i ,  e .  
e d u c a t i o n )  and sconomio performance; t h e n  we o b s e r v e  t h a t  
t h e r e  e x i s t s  a  c e r t a i n  amount o f  compt smsn tar i t y  between 
q u a l i f i o a t i o n  and o a p i t a l ;  and f i n a l l y  we s e e  t h a t  a  s i m i l a r  
? e l a t i o n s h i p  h o l d s  f o r  t h e  s u b f a c t o r s  o f  e d u c a t i o n ,  i ,  e .  
gr imary ,  esoondary and higher  eduoat&on a r e  e u b e t d t u t a b t e  
o n l y  i n  a v e r y  narrow range .  
4.1,1 E x p o n e n t i a l  r e l a t i o n s h i p  o f  e d u c a t i o n  and  income 
A s  opposed t o  t h o s e  c o n c e p t s  which u n d e r s t a n d  t h e  c o n t r i b u t i o n  
o f  e d u c a t i o n  t o  income as t h e  r a t e s  o f  r e t u r n  t o  human 
c a p i t a l  ( i .  e .  c a p i t a l  accumula ted  i n  t h e  p r o c e s s  o f  e d u c a t i o n ) ,  
the empirical evidence presented supports very strongly 
the existence of an exponential relationship between the 
two variables. This is to say, that a  l i n e a r  increaee  i n  
educat ion producee an exponen t ia l  increaee  i n  the  eoonomio 
o u t p u t .  If we interpret, moreover, education as an indica- 
tor for the information processing capacity of the system, 
we see that this exponential relationship can be deduced 
from the basic concepts of information theory. 
b . 1 . 2  Time-lag between education and its economic effect 
Another important aspect to be dealt with when scrutinizing 
the relationship between education and economic output is 
the fact, that a  t ime lag o f  t e n  t o  f i f t e e n  yeare $ t i e t e  
between an "injection" in one of the categories of education 
and its eventual effect on the economy. It is this time lag 
which makes a trial-and-error control of the educational 
system via the labor market so extremely difficult &id which 
makes this type of empirical market feed-back so prone to 
oscillations. 
b .  1.3 complementarity of factors 
The factors education and capital do not occur in random 
combination, but we observe only a limited degree of substi- 
tutability between these factors. This implies, that the  i n -  
formation proceeeing d a p a o i t y  i s  t i g h t l y  oonneoted t o  the  
energy prooeeeing c a p a o i t y .  An expansion in one sector only 
produces a deviation from the optimum relationship. Such a 
deviation is characterized by a suboptimal use of the factor 
which is in surplus. 
Empirically, we have arrived at the following optimal 
relationship: 
' 1/4 , , m b .  ( 2 )  
A departure of either education or capital from this optimal 
relationship results in t h e  r e l a t i v e l g  smal l e r  o f  t h e  two 
i n p u t s  becoming a  b o t t l e n e c k  f o r  t h e  economio performanoe 
o f  t h e  sys tem.  I n  such a case, increasing the proportionately 
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Pig. 10: Limi ted  s u b e t i t u t a b i l i t g  o f  educa t ion  and a a p i t a  2 .  
The curva ture  o f ,  t h e  i soquan t  deeor ibee  t h e  l i m i t -  
a t i o n  o f  s u b s t i t u t a b i l i t y  o f  t h e  two faa tore .  Un- 
l i m i t e d  s u b s t i t u t a b i l i t y  would correepond approx- 
i m a t e l y  t o  t h e  d o t t e d  tangent  o f  ouroe 2600 .  The 
i n t e r r u p t e d  l i n e  r e p r e e e n t s  opt imal  r e l a t i o n .  
U . 1 . 4  Complementarity of subfactors 
The concept of limited complementarity can be meaningfully 
applied also to the various categories of education'. It 
turned out'that the numerical relation between the various 
educational categories differed from one group ,of countries ' 
to the other. ~urtherhore, t h e r e  e z i e t e  an opt tmat  r e l a t i o n -  
ehdp, dn t h e  oaee o f  wh$oh t h e  eoonomio e f f e o t  o f  eduoa t ion  
( a s  a  w h o l e )  i e  masimiaed. I f  o n e  o f  t h e  e d u c a t i o n a l  c a t e g o r i e e  
i s  l e s s  d e v e l o p e d ,  t h a n  t h i s  o p t i m a l  r e l a t i o n s h i p  demands ,  
t h a t  l e v e l  becomes a  b o t t l e n e c k  o f  e d u c a t i o n .  Such a  b o t t l e -  
neck e x i s t s  e .  g .  i n  t h e  A r a b i c  c o u n t r i e s  i n  t h e  f i e l d  o f  
p r i m a r y  e d u c a t i o n ,  w h i l e  w i t h  t h e  La t in -Amer ican  n a t i o n s  
t h e  s h o r t a g e  i s  i n  s e c o n d a r y  e d u c a t i o n .  The  l a t t e r  a p p l i e s  
t o  t h e  c o u n t r i e s  o f  S o u t h e r n  and E a s t e r n  E u r o p e ,  t o o .  G r e a t  
B r i t a i n  and h e r  f o r m e r  c o l o n i e s  show s u c h  a b o t t l e n e c k  when 
it comes t o  h i g h e r  e d u c a t i o n .  I n v e s t i n g  i n  t h  a t c a t e g o r y  
o f  e d u c a t i o n  which r e p r e s e n t s  a  b o t t l e n e c k  y i e l d s  t h e  h i g h -  
es t  r e t u r n s .  An i d e n t i c a l  i n v e s t m e n t  i n  a  w s u r p l u s  c a t e g o r y "  
p r o d u c e s  much s m a l l e r ' g a i n s .  
I n  o r d e r  t o  e s t i m a t e  t h e  G e n e r a l  P r o d u c t i o n  F u n c t i o n  t h e  
e n e r g y  p r o c e s s i n g  c a p a c i t y  i s  measured  on t h e  b a s i s  o f  d a t a  
f o r  t h e  t o t a l  e n e r g y  c o n s u m p t i o n  o f  a c o u n t r y  a s  w e l l  a s  by 
u s i n g  t h e  f i g u r e s  f o r  e l e c t r i c  power c o n s u m p t i o n .  I n  u s i n g  
t h e s e  m e a s u r e s  i t , b e c a m e  a p p a r e n t ,  t h a t  f o r  c o u n t r i e s ,  f o r  
which c a p i t a l  s t o c k  t i m e  series e x i s t ,  t h e s e  time series 
h a v e  a  r e m a r k a b l y  h i g h  d e g r e e  o f  c o r r e l a t i o n  w i t h  a n  i n d i c a t o r  
r e f l e c t i n g  t h e  c h a n g e s  i n  t o t a l  e n e r g y  c o n s u m p t i o n  a n d  i n  
t h e  u s e  o f  e l e c t r i c  power. T h i s  c a n  b e  e x p r e s s e d  i n  t h e  
f o l l o w i n g  r e l a t i o n s h i p :  
k = c a p i t a l  p e r  c a p i t a  
m l  = e n e r g y  c o n s u m p t i o n  p e r  c a p i t a  
m2 = c o n s u m p t i o n  o f  e l e c t r i c i t y  p e r  c a p i t a  
The f a c t  t h a t  e n e r g y  c o n s u m p t i o n  t u r n s  o u t  t o  b e  s u c h  a 
u s e f u l  c a p i t a l  i n d i c a t o r  h a e  i t e  d e e p - l y i n g  causetit. Inlro-  
d u c t i o n  o f  " a r t i f i & l "  e n e r g y  i n t o  t h e  p r o d u c t i o n  p r o c e s s  
was t h e  c h a r a c t e r i s t i c  f e a t u r e  o f  t h e  F i r s t  I n d u s t r i a l  Re- 
v o l u t i o n .  I f  o n e  wanted  t o  p u t  a p o i n t  o n  i t ,  o n e  m i g h t  
e v e n  g o  a s  f a r  as s a y i n g  t h a t  c a p i t a l  s t o c k  w e r e  a n  i n d i c a t o r  
f o r  t h e  u t i l i z a t i o n  o f  " a r t i f i c i a l "  e n e r g y  i n  t h e  p r o d u c t i o n  
p r o c e s s .  I n  a n y  c a s e ,  however ,  " a r t i f  i c i a l f t  e n e r g y  t u r n e d  
o u t  t o  b e  t h e  p r e r e q u i s i t e  o f  m e c h a n i s a t i o n .  T h i s  - a t  l eas t  
i n  p a r t  - e x p l a i n s  t h e  c l o s e  r e l a t i o n s h i p  b e t w e e n  e n e r g y  
u t i l i z a t i o n  a n d  c a p i t a l .  
The c o n t r i b u t i o n  c a p i t a l  makes t o  t h e  economic  o rnu tpu t  
r e m a i n s  m o r e ' o r  l e s s  t h e  same ,  r e g a r d l e s s  o f  w h e t h e r  we u s e  
t h e  G e n e r a l  P r o d u c t i o n  F u n c t i o n  o r  t h e  Cobb-Douglas F u n c t i o n  
i n  i t s  c o m p u t a t i o n .  F u r t h e r m o r e ,  i n  t h e  G e n e r a l  P r o d u c t i o n  
F u n c t i o n  i t  c o r r e s p o n d s  a t  l eas t  a p p r o x i m a t e l y  t o  t h e  c o n t r i b u -  
t i o n  o f  c a p i t a l  t o  o u t p u t '  a r r i v e d  a t  by u s i n g  t h e  M a r g i n a l  
P r o d u c t i v i t y  T h e o r y  a n d  a s s u m i n g  p e r f e c t  c o m p e t i t i o n  , when 
v i e w i n g  c a p i t a l ' s  e m p i r i c a l l y  o b s e r v e d  r e t u r n s .  
A n o t h e r  s u c h  o b s e r v a t i o n  r e l a t e s  t o  t e c h n o l o g i c a l  d e v e l o p m e n t  
i n  t h e  p r o d u c t i o n  p r o c e s s .  Looking a t  t h e  w o r l d - w i d e  d e v e l o p -  
ment  a v e r  t i m ~ ,  t h e  r e l a t i o n  o f  e l e c t r i c  power  u s e d  t o  t o t a l  
e n e r g y  c o n s u m p t i o n  i s  c h a n g i n g ,  s i n c e  t h e  u s e  o f  t h e  f o r m e r  
i n c r e a s e s  by a s q u a r e  r a t i o  t o  t h e  i n c r e a s e  i n  t o t a l  power 
n e e d s .  T h i s  r e l a t i o n  o i  e lec t r ic  t o  t o t a l  e n e r g y  c o n s u m p t i o n  
i s  f r e q u e n t l y  u s e d  as a m e a s u r e  f o r  t h e  t e c h n o l o g i c a l  l e v e l  
o f  t h e  s t o c k  o f  c a p i t a l  ( m a c h i n e r y ,  e t c . ) .  Thus  it i s  r e l a t e d  
t o  c a p i t a l - i n d u c e d  t e c h n o l o g i c a l  p r o g r e s s .  One s t u d y  by 
P. B. Du B o f f  ( 1 0 1 ,  amongat  o t h e r s ,  seems t o  s u p p o r t  t h i s  
i n t e r p r e t a t i o n .  I n  d e a l i n g  w i t h  t h e  d e v e l o p m e n t  of t h e  U n i t e d  
S t a t e s  i n  t h e  y e a r s  f rom 1879 t o  1 9 6 2 ,  Du Boff s t a t e s :  
". . . t e c h n o l o g i c a l  i h n o v a t i o n  f r e q u e n t l y  i s  d i f f i c u l t  t o  
r e p r e s e n t  q u a n t i t a t i v e l y .  O u t p u t  p e r  u n i t  i n p u t  doe$  r i s e  
f o r  n o n - t e c h n o l o g i c a l  r e a s o n s  ... b u t  t h e r e  must  b e  i m p o r t -  
a n t  c a s e s  where  t h e  r e v e r s e  i s  t r u e ,  One such  c a s e  seems t o  
b e  e l e c t r i f i c a t i o n  o f  m a n u f a c t u r i n g  i n d u s t r i e s .  Here t h e  
r a t e  o f  t e c h n i c a l  c h a n g e  c a n  b e  r e a s o n a b l y  w e l l  measured  
i n  t e r m s  o f  h o r s e  power c a p a c i t y  o f  power equ ipment  and 
c o n s u m p t i o n  o f  power.  F u r t h e r m o r e ,  t h i s  ' r e v o l u t i o n '  i n  t h e  
a p p l i c a t i o n  o f  power c a n  b e  viewed a g a i n s t  t h e  background  
o f  c l e a r ,  known c h a n g e s  i n  m a n u f a c t u r i n g  p r o d u c t i v i t y  , . . I 1 .  
And, a f t e r  d e a l i n g  w i t h  t h e  v a r i o u s  f u n c t i o n s  a n d  u s e s  o f  
e l e c t r i c  power i n  p l a n t  m o d e r n i z a t i o n ,  h e  s ta tes :  " E l e c t r i c  
power a f f e c t e d  t h e  whole  s c o p e  o f  t h e s e  p r o c e s s i n g  s e r v i c e s ,  
by r e v o l u t i o n i z i n g  t h e  a p p l i c a t i o n . o f  e n e r g y  t o  m a t e r i a l s . "  
Summarizing w e  c a n  s a y  t h a t  energy i n d i o a t o r e  can be ueed for 
meaeuring c a p i t a l  s t o c k .  Doing t h i s ,  w e  t a k e ,  m o r e o v e r ,  i n t o  
a c c o u n t  a c t u a l  u t i l i z a t i o n  o f  c a p i t a l ,  which c o r s e s p o n d s  t o  
wha t  Solow ca l l s  "Employed C a p i t a l " .  I t  encompasses  o n l y  
t h a t  p a r t  o f  c a p i t a l  d e f i n e d  as " a c t i v e "  c a p i t a l  s t o c k  ( v i z e  
* l a n t  a n d  m a c h i n e r y  e x c l u d i n g  b u i l d i n g s ) .  
4 3 .  Sf ruc_tur_e_a_s-a_fasto~~,inf 1 ~ e n c i n g ~ f h _ e ~ ~ c o d u s f  i o n  
4 . 3 . 1  s t a t i c  f e a t u r e s  
Measured i n  a c r o s s - s e c t i o n ,  t h e  e f f i c i e n c y  p a r a m e t e r  p z , t  
o f  t h e  G e n e r a l  P r o d u c t i o n  F u n c t i o n  i s  t h e  same f o r  a l l  c o u n t r i e s  
b e l o n g i n g  t o  o n e  g r o u p  a t  a g i v e n  t i m e .  A s  p r e v i o u s l y  s t a t e d ,  
a n a l i z i n g  e f f o r t s  i n  t h e  f i e l d  o f  h e a l t h  makes a d i v i s i o n  o f  
c o u n t r i e s  i n  1 4  d i s t i n c t  g r o u p s  p o s s i b l e .  Some o f  t h e s e  
g r o u p s  h a v e  v e r y  s i m i l a r  e f f i c i e n c y  p a r a m e t e r s  a n d  t h u s  c a n  
b e  ' a g g r e g a t e d  i n t o  G r e a t e r  Zones.  The  c h a r a c t e r i s t i a  t r a i t  
common t o  a l l  component s t a t e s  of each Grea te r  Zone i s  a  
cons tan t  r e l a t i o n s h i p  between c a p i t a l  and educat ion e f f o r t  
on one and economic performance on t h e  o t h e r  hand. Coun t r i ee  
w i t h i n  each aone are  u s i n g  o a p i t a l  and e d u o a t i o n  w i t h  equal  
e  f f i o i e n o y .  
I n  t h e  mid-s ix t i es ,  us ing t he se  c r i t e r i a ,  t h e  world could be 
divided i n t o  f i v e  Grea te r  Zones with  d i f f e r i n g  e f f i c i e n c y  
parameters* 
'Fig. 11: A map o f  Grea te r  Zonee 
I t  i s  i n t e r e e t i n g  t o  n o t e  t h a t  Grea te r  Zonee w i t h  
d i f f e r i n g  e f f i c i e n c y  parametere - which were c a l c u l a t e d  
ue ing  o n l y  t h e  d a t a  for  per c a p i t a  income,  e d u c a t i o n ,  
c a p i t a 2 , a n d  n a t u r a l  r eeourcee -  s t r o n g l y  reeemble  t h e  
var ioue  groups o f  c o u n t r i e e  and a r e a s  o f  a  map showing 
dominant r e t i g i o n e .  The zone o f  maximum e f f i c i e n c y  
c o n e i e t e  a lmos t  e x c t u e i v e t y  o f  P r o t e e t a n t  n a t i o n e ,  
t h e  one rank ing  j u e t  below i t  o f  C a t h o l i o  c o u n t r i e s  - 
i n c  l ud ing  Greek Orthodox and former l y  C h r i s t i a n  coun t -  
r i e e  o f  t h e  Mediterranean r e g i o n .  T h i e  would seem t o  
i n d i o a t e  t h a t  Max Weber'e t h e o r i e s  cou ld  be t o  eome 
e x t e n t  e m p i r i o a l l y  v e r i  f i e d  ( 5 1 ) .   he r e s u l t e  o f  ~ c C l e l -  
l a n d ' e ( 3 l ) r e e e a r o h  can b e  i n t e r p r e t e d  i n  a  s i m i l a r  way. 
The d e l i n e a t i o n  of t h e s e  Grea te r  .zones of vary ing  e f f i c i e n c y  
l e a d s  one t o  suspec t  t h a t  r e l i g i o n  i s  of d e c i s i v e  impbrtance . 
when it comes to economic development, i. e. that marked 
differences in efficiency are determined by cultural be- 
havior patterns and their appropriate structure of social 
organisation. 
b . 3 . 2  Dynamic features 
In a chronological analysis of world-wide development, or 
of the development of a specific group of countries, changes 
of the efficiency parameter over time become apparent. 
This - compared to the old residual factor of the Cobb- 
Douglas Function - n e w residual factor of the ~ e n e s a t  
Produotian Funotion re;?leote world-wide inoreaeee in of- 
fioiency. These incr,eases result on one hand from the develop- 
ment of new technologies and their adaption to the production 
process and on the other from improvements in the okganisa- ' 
tion structure. The differences in the development of the 
efficiency parameter over time that exist between the 
separate groups of countries result from varying changes 
in the structure, i. e. the culturally determined behavior 
patterns and corresponding forms of social organisation. 
4 . 3 . 3  Complementarity between production factors 
and structure 
It is highly likely that the complementarity mentioned in 
b . 1 . 3  also exists between the production factors capital and 
education on one side and the structure of the system on 
the other. This means that a quantitative inoreaee in the 
faotore capital and eduoation muet be matched by corresponding 
progeeeive ohangee in the etruoture of organieation in order 
to enable the system to process and utilize effectively ever 
increasing' duantities of data and energy. Changes in values 
and ettitudee on one hand 'make change8 in the structure of 
organieation poeeible, on the other hand they themeelvse ' 
actively contribute to such changes. When structures.,have 
become rigid, and values are formally maintained, they 
soon become either hollowed out or changed from inside. 
. 
a 4 Naf ural-resourses_a~-a~-i~~u_t~factor 
Natural resources are taken into account according to an 
index based on the total value of mining and crude oil 
production. Using regression calculation, one finds that 
approz imate ly  80 X o f  the  value  of  na tura l  reeouroee a r e  
added t o  t h e  inoome determined by the  o t h e r  f a o t o r e .  
5. SUMMARY OF THE RESULTS HITHERTO OBTAINED 
The results thus far obtained by our method can be summarized 
as follows: 
The effectiveness of the social sub-system economy can be 
described by the General Production Function, which,shows 
certain characteristic traits. It describes economic output 
in terms of both material and non-material inputs, as well 
as of systemic structure. The input factors are related to 
each other according to limited substitutability (partial 
complementarity). 
The concept of defining society as an energy and information 
processing.system with varying structure has turned out to 
be extremely useful in international comparisons on country 
level, aimed at describing and explaining their varying 
economic performance. It is only natural that one should 
want to broaden thie eucoeeeful concept by adapting it to 
other investigations. A particularly important aspect 
is, that the General Production Function is qualified 
for the whole world, considers the different regions 
using the econometrically estimated factor "structure" 
and connects economic and noneconomic factors. 
From this point of view it seems to be useful to see 
it as a contribution to global modelling, especially 
to describe the supply-side of economies and their 
interdependence with other subsystems of society. 
6. CONCLUDING REMARKS ON METHOD 
An investigation about the application of the General 
Production Function to global modelling should also 
rely'on the methods of research that have been success- 
fully applied when estimating the General Production 
Function on the country level. The individual steps of 
our cross country study become apparent in Fig. 12. 

-----------  Hypo t heeie '  
I n i t i a l  t e e t i n g  o f  h y p o t h e e i e  
- Seoondary t e e t i n g  o f  h y p o t h e e i e  
EmpirCoal d a t a  baee  
Empir ioat  d a t a  baee from o t h e r  eouroee  
Theore tCoat  eouroe  o f  hypotheede  
u R e e u t t e  
Empir iaat  d a t a  baee f o r  eeoondary t e e t i n g  
bASE Aoia Eaet  OR Croee e e o t i o n  
ASW Aeia Weet 
EU Europe TS Time ' e a r i e e  
EUIN Europe Northwee t 
EUSE Europe Sou theae t  " ORT Croee eeo t ion '  aombined 
o i t h  t i m e  eerCee 
LA L a t i n  Amerioa 
D - B Die t r i o t e  o f '  ~ r L i  z 
A A u e t r i a  
US Undted S t a t u e  
I t  i s  i m p o r t a n t ,  hqwever ,  t o  e m p h a s i z e  t h e  s t e p - b y - s t e p  n a t u r e  
o f  o u r  method. I t s  b a s i c  p r i n c i p l e  i s  t h e  i n t e r a c t i o n  be tween  
h y p o t h e s e s  a r r i v e d  a t  i n  t h e o r y  and t h e  e m p i r i c a l  t e s t i n g  o f  
t h e s e  h y p o t h e s e s  a g a i n s t  r e a l i t y ,  which i n  t u r n  s h o u l d  l e a d  
t o  a  m o d i f i c a t i o n ,  s o p h i s t i c a t i o n  o r  c o r r e c t i o n  o f  t h e  hypo- 
t h e s i s ,  which  t h e n  a g a i n ,  i n  i t s  r e v i s e d  f o r m ,  mus t  be p u t  
t o  t h e  t e s t  o f  r e a l i t y ,  e t c .  
T h i s  k i n d  o f  p r o c e d u r e  c a n  become s u c c e s s f u l  o n l y  i f  a n  
e x t r e m e l y  wide  s c o p e  o f  d a t a  i s  a v a i l a b l e .  I n  p r i n c i p l e ,  
o n e  s h o u l d  a t t e m p t  t o  c h e c k  a n d  t e s t  e v e r y  assumed o r  f o u n d  
r e l a t i o n s h i p  e m p i r i c a l l y  i n  a  v a r i e t y  o f  ways.  T h u s ,  t h e  
g o a l  h a s  t o  be a n  o v e r - d e f i n e d  s y s t e m  o f  i n f o r m a t i o n .  T h i s  
r e q u i r e s  n o t  o n l y  t h e  m u s t e r i n g  o f  s u f f i c i e n t  e m p i r i c a l  d a t a ,  
b u t  a l s o  - and  t h i s  i s  i m p o r t a n t  - t a k i n g  i n t o  c o n s i d e r a t i o n  
a l l  p r e v i o u s  s t u d i e s  which i n v e s t i g a t e  more s p e c i f i c  a r e a s ,  
a s  w e l l  a s  t h e  r e s u l t s  f r o m  c o n s u l t i n g  e x p e r t s  i n  v a r i o u s  
f i e l d s  o f  s p e c i a l i s a t i o n .  
I t  i s  c o n s i s t e n t  w i t h  o u r  c r i t e r i o n  o f  o v e r - d e f i n i t i o n  t h a t  
s u c h  a n  i n v e s t i g a t i o n  i s  t o  b e  b a s e d  b  o  t h  o n  c r o s s - s e c t i o n  
c o m p a r i s o n s  a s  w e l l  a s  t i m e  s e r i e s , s t u d i e s .  C r o s s - s e c t i o n  a n a -  
l y s i s  compares  d i f f e r e n t  c o u n t r i e s  i n  o n e  a n d  t h e  same b r a n c h  
o f  p r o d u c t i o n ,  w h i l e . t h e  t i m e  s e r i e s  s t u d i e s  a r e  t o  compare 
t h e  s i t u a t i o n  o f  a  s p e c i f i c  b r a n c h  o f  p r o d u c t i o n  o v e , ~ ,  t i m e .  
Summing u p ,  t h e  method o f  i n v e s t i g a t i o n  s u g g e s t e d  r e q u i r e s  
c o l l e c t i n g  a n d  c o m p i l i n g  a n  a b s o l u t e  maximum o f  p e r t i n e n t  
d a t a  o n  o n e  h a n d ,  a n d  a  s t e p - b y - s t e p  p r o c e s s  i n  d e v e l o p i n g  
t h e  model on  t h e  o t h e r .  The u n d e r l y i n g  a s s u m p t i o n  i s  t h a t  
t h e  model  e v e n t u a l l y  a r r i v e d  a t  w i l l  show marked s i m i l a r i t y  
t o  t h e  G e n e r a l  P r o d u c t i o n  F u n c t i o n  we h a v e  f o u n d  i n  o u r  
s t u d i e s  o n  t h e  c o u n t r y  l e v e l .  I n  t h i s  s e n s e  t h e  c o n c e p t  o f  
G e n e r a l  P r o d u c t i o n  F u n c t i o n  may s e r v e  as a f ramework  t o  j o i n  
t h e  d i f f e r e n t  approaches .  
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T h e s e s  t o  M o d e l - b u i l d i n g  and  P o s s i b l e  Consequences  
M .  P e s c h e l ,  GDh 
! G e n e r a l  C o n s i d e r a t i o n s  
1. With r e p a r d  t o  r e a l  o b j e c t s  and t h e i r  t , e h a v f o u r ,  mode l s  
c a n  p l a y  two d i f f e r e n t  r o l e s :  They car1 p i v e  a f o r m a l  d e s c r i p -  
t i o n  o f  t h e  r e a l  r e l a t i o n s  be tween  i n p u t s  y  a n d  o u t p u t s  x  o r  
t h e y  c a n  e x p l a i n  t h e  p r o p e r t i e s  o f  tf ie o b . j e c t s ,  if' t h e y  a r e  
c o n s t r u c t e d  on t h e  b a s i s  o f  profourlcl t h e o r y  w i t h  well-known 
p h y s i c a l  l a w s .  
2. Formal  models  a r e  o n l y  a n  a c g r e p a t i o n  o f  i n f o r m a t i o n  
f ~ o m  t h e  p a s t .  T h e r e f o r e  i t  c a n  b e  d a n r e r o u s  t o  e x t r a p o l a t e  
t h e i r  b e h a v i o u r  on i n p u t s  y ,  which were  n o t  uscd  i n  t h e  model- 
b u i l d i n g  p r o c e s s ,  o r  t o  f o r e c a s t  b e h a v i o u r  i.n t h e  S u t u r e .  
They c a n ,  however ,  a l r e a d y  r e f l e c t  l aws  i n  a n  i m p l i c i t  form 
u i t h o u t  o u r  e x p l i c i t  knowledge.  They can  b e  v e r y  i m p o r t a n t  
a s  a  t o o l  i n  t h e  h a n d s  o f  e x p e r i e n c e d  d e c i s i o n - m a k e r s ,  b u t  t h e i r  
u s e  demands c a u t i o u s n e s s .  
3. T h e o r e t i c a l  mode l s  are r e l i a b l e  i f  t h e  c o n d i . t i o n s  o f  
t h e  c o r r e s p o n d i n g  l aws  a r e  f u l f i l l e d .  They a l l o w  f o r  e x t r a p o -  
l a t i o n  i n t o  t h e  f u t u r e ,  and  a view o f  t h e  p a s t .  Yet f o r  com- 
p l e x  s y s t e m s . i t  is  n e a r l y  i m p o s s i b l e  t o  g e t  p u r e l y  t h e o r e t i c a l  
mode l s  . 
4 .  I t  i s  most u s e f u l  t o  combine ,  i n  t h e  m o d s l l i n g  o f  r e a l  
o b j e c t s ,  t h e  f o r m a l  a n d  t h e  t h e o r e t i c a l  a p p r o a c h e s .  I n  a l l  
such  c a s e s  we meet some pa rame te r s  w i th  unknown v a l u e s .  
F i t t i n g  p r o c e s s e s  o r  pa rame te r - adap t ing  p r o c e s s e s  must be  
used  t o  g e t  a c c e p t a b l e  v a l u e s  o f  t h e  p a r a m e t e r s .  
11. The D e s c r i p t i o n  o f  Models Behaviour  
1. F o r  t h e  s u c c e s s  o f  t h e  mode l -bu i ld ing  p r o c e s s ,  t h e  
c h o i c e  o f  t h e  s t r u c t u r e  o f  t h e  model o r  t h e  c l a s s  o f  p o s s i -  
b l e  models i s  very  i m p o r t a n t .  
2. Because r e a l  sy s t ems  a r e  always fuzzy  sys t ems  we should  
want t o  g e t  a  fuzzy  d e s c r i p t i o n  o f  t h e  r e a l  sys tems.  T h i s  
l e a d s  t o  d e t e r m i n i s t i c  d e s c r i p t i o n  o f  some d i f f e r e n t  l e v e l s  
o f  a b s t r a c t i o n .  
3. The 1st l e v e l  be longs  t o  a  sys t em d e s c r i p t i o n  wi th  
t h e  h e l p  o f  d e t e r m i n i s t i c  r e l a t i o n s  between d e t e r m i n i s t i c  
i n p u t s  y  and o u t p u t s  x chosen from a l lowed a r e a s  Y  and X 
r e s p e c t i v e l y .  A d e t e r m i n i s t i c  r e l a t i o n  i s  a  g i v e n  s u b s e t  
o f  t h e  d i r e c t  p roduc t  Y x  X  
S C Y X X  - 
Given y  d e f i n e s  a  s e t  K C X  w i t h  ( Y , x )  E S f o r  x E K y .  
Y -  
T h i s  i s  t h e  i n p u t - d i f f u s i o n  p r o p e r t y  which can  b e  o r d e r e d  
by t h e  i n t r o d u c t i o n  o f  s t a t e - v a r i a b l e s .  Given x d e f t n e s  a 
s e t  Kx C Y w i t h  ( y , x )  E S f o r  y  E Kx. T h i s  i s  t h e  i n p u t -  
p a t t e r n - r e c o g n i t i o n  p r o p e r t y  o f  t h e  sys tem.  Both p r o p e r t i e s  
a r e  e q u i v a l e n t  t o  each  o t h e r .  
4. We meet on t h e  2nd l e v e l ,  a  f i r s t  app rox ima t ion  t o  
fuzzy. sy s t ems  behav iou r .  Here we f i n d  a  d e t e r m i n i s t i c  
r e l a t i o n  between p r o b a b i l i t y  d i s t r i b u t i o n s  o f  t h e  r e s p e c t i v e  
u n c e r t a i n t y  f u n c t i o n s  i n p u t s  y  and o u t p u t s  x 
5. I n  r e a l  sys tems a l s o  p r o b a b i l i t y - d i s t r i b u t i o n s  w i l l  
b e  d i s t u r b e d  and become fuzzy  f u n c t i o n s .  Thus, we f i n d  on 
t h e  3rd  - l e v e l  d e t e r m i n i s t i c  r e l a t i o n s  between t h e  p r o b a b i l i t y  
d i s t r i b u t i o n s  
and s o  on. 
6. S t a t i s t i c s  have t h e  d i f f i c u l t  t a s k  t o  connec t  t h e  
o b s e r v a t i o n s  on t h e  1st l e v e l  w i t h  t h e  d e s c r i p t i o n s  o f  a l l  
h i g h e r  l e v e l s .  Because of  t h e  l a c k  o f  d a t a ,  p r o b a b i l i t y  
d i s t r i b u t i o n s  a r e  o f t e n  s u b s t i t u t e d  by some f u n c t i o n a l s ,  
moments f o r  example. 
7. For  s e n s i t i v i t y - a n a l y s i s  we need a  d e s c r i p t i o n  on 
t h e  2nd l e v e l .  
-
111. V a l i d i t y  o f  Models and t h e  C o n t r a d i c t o r y  I n f l u e n c e s  
i n  t h e  Pa rame te r  Adapt ing  P roces s  
1. The a g g r e ~ a t i o n  o f  i n fo rma t  i o n  about  i n p u t - o u t p u t  
r e l a t i o n s h i p  t o  a  r e a l  sy s t em i s  performed by choos inp  
f i r s t  a conven ien t  s t r u c t u r e  and t h e n  a d a p t i n g  i t s  f r e e  
pa rame te r s  t o  d a t a ,  which we can r e t  o n - l i n e  o r  o f f - l i n e  
from t h e  o b j e c t .  
2 .  For  f i t t i n g  t h e  model-behaviour t o  t h e  i n f o r m a t i o n  
from the  o b j e c t  a c c o r d i n g  t o  p a s s i v e  o r  a c t i v e  expe r imen t s ,  
we need a  comparison between o b j e c t - o u t p u t  x and model- 
o u t p u t  x* t o  common i n p u t - s i g n a l s  y .  The pa rame te r  a d a p t i o n  
p r o c e s s  is  o r g a n i z e d  on t h e  b a s i s  o f  t h e  e v a l u a t i o n  o r  
e x t i m a t i o n  o f  some c r i t e r i a  Qxl ,  Qxk. .  . ,Qxk which a r e  func-  
t i o n a l ~  on t h e  e r r o r  s i g n a l  e  = x  - x*. The c r i t e r i a  have 
v a l u e s ,  which must a l l  be s m a l l ,  and t h u s  b e t t e r  e n a b l e  us 
t o  d e s c r i b e  t h e  o b j e c t  behav iou r .  
3.  N e v e r t h e l e s s ,  we i n t e n d  t o  r e a c h  s m a l l  v a l u e s  f o r  
a l l  c r i t e r i a  Q x i ;  i n  t h e  f i t t i n g  p r o c e s s ,  we meet c o n t r a d i c -  
t i o n s  between t h e  c r i t e r i a - - s m a l l  v a l u e s  of some c r i t e r i a  
demand g r e a t e r  v a l u e s  o f  t h e  o t h e r  c r i t e r i a .  For  example,  
we ge t  a  s m a l l  v a l u e  o f  t h e  vean va lue  M(e) = O x , ;  t h i s  w i l l  
2 b e  accompanied by a  ~ r e a t e r  va lue  o f  t h e  v a r i a n c e  a ( e )  = Qx2 
and v i c e  v e r s a .  
4 .  A g r e a t  denge r  f o r  t h e  r e l i a b i l i t y  o f  t h e  model i s  
t h e  f a c t  t h a t  t h e  pa rame te r  i d e n t i f i c a t i o n  i s  a  mathemat ica l -  
l y  i n c o r r e c t  problem. Th i s  means t h a t  some d i f f e r e n t  s e t 3  
o f  p a r a m e t e r  v e c t o r s  f u l f i l l  t h e  same s m a l l  v a l u e s  o f  t h e  
comparison c r i t e r i a  Q 
x i  ' Havinp i d e n t i f i e d  such a " w r o n ~ "  
s e t  o f  p a r a m e t e r s ,  t h e  p o s s i b i l i t y  o f  e x t r a p o l a t i o n  o f  t h e  
model ' s  p r o ~ e r t i e s  i s  s t r o n p l y  r e s t r i c t e d .  
5. The domina t ing  c o n t r a d i c t o r y  r e l a t i o n  h o l d s  between 
t h e  e f f o r t  Q1 and t h e  a i m - d i s t a n c e - c r i t e r i a  Qxi. We want t o  
a c h i e v e  s m a l l  v a l u e s  o f  a l l  c ~ i t e r i e  w i t h  a sma l l  e f f o r t  
Q1, The c o n c l u s i o n  is  t h a t  a  g iven  volume of  ob j ec t - i n fo rma-  
?,ior (Q1)  can  l e a d  on ly  t o  a  c e r t a i n  approximat ion  o f  t h e  
o b j e c t  b e h a v i o u r .  
6 .  O f t e n  we look  u n  t h e  p r o b l e m  o f  p a r a m e t e r  e s t i m a t i o n  
a s  a n  o p t i m a l  c o n t r o l  p rob lem:  Given a c e r t a i n  e f f o r t  Q1 we 
w a n t ,  t h r o u p h  a c h o i c e  o f  d e c i s i o n s ,  t o  r e a c h  t h e  smallest 
p o s s i b l e  v a l u e s  o f  & 'l 'his p o i n t  o f  view l e a d s  t o  t h e  
x i  ' 
demand t o  f i n d  a  s e q u e n c e  o f  o p t i m a l  e x p e r i m e n t a l  p l a n s  y i  
t o  s o l v e  t h e  o p t i m i z a t i o n  p r o b l e m s .  9 u t  o p t i m a l  p l a n s  need  
n o t  b e  r e p r e s e n t a t i v e  o f  t h e  whole  a r e a  o f  a l l o w e d  i n p u t  
s i g n a l s  y .  T h i s  i s  v e r y  c r i t i c a l  o n l y  f o r  d e s c r i p t i o n a l  
models  and  l e s s  c r i t i c a l  f o r  t h e o r e t i c a l l y  b e t t e r  founded 
mode l s .  
7 .  Every  p a r a m e t e r  a d a p t i o n  p r o c e s s  p o s s e s s e s  a n  i n n e r  
c o n t r a d i c t i o n  b e t w e e n  memory i n  t h e  f o r m  o f  t h e  v a l u e s  o f  
some s t a t e  v a r i a b l e s  o f  t h e  s e e k i n p  p r o c e s s ,  and t h e  a c t u a l  
i n f o r m a t i o n  o n  Qxi.  I n  t h e  s t r a t e p y  we must c o n c l u d e  a dy- 
namic compromise be tween  vemory ( i n f l u e n c e d  by p a s t  e x p e r i e n c e )  
and  t h e  a c t u a l  i n f o r m a t i o n  ( i n f l u e n c e  f rom t h e  p r e s e n t ) .  
T h i s  means,  i n  f i t t i n g  a  ~ l o b a l  model t o  p a s t  d a t a  o n e  s h o u l d  
u s e  f o r g e t t i n g  f u n c t i o n s  on t h e  v a l u e s  which w i l l  h a v e  r e l a -  
t i v e  w e i g h t s  o f  t h e  d a t a  i n  d i f f e r e n t  t ime. i n t e r v a l s .  With 
t h e  d e c r e a s i n g  d i s t a n c e  b e t w e e n  o u r  a c t u a l  p o s i t i o n  i n  t h e  
p a r a m e t e r  s p a c e  and t h e  a im,  t h e  compromise b e t w e e n  p a s t  and 
p r e s e n t  s h o u l d  move i n t o  t h e  d i r e c t i o n  o f  g i v i n ~  t h e  p a s t  
a n  i n c r e a s i n ~  w e i q h t  . A d a p t i o n  and d e s  i ~ n i n ~  t h e  compromise 
b e t w e e n  p a s t  and p r e s e n t  a r e  e q u i v a l e n t .  
8.  The u s e  o f  o n l y  a d a p t i o n  p r o c e d u r e s  i n  t h e  p a r a m e t e r  
s e e k i n g  P r o c e s s  c o n t r a d i c t s  t h e  f a c t  t h a t  i n  r e a l i t y ,  we 
h a v e  a p r o b l e m  o f  o p t i m a l  c o n t r o l .  T h e r e f o r e  we s h o u l d  
l ook  f o r  v a l u e s  o f  t h e  model i n  t h e  f u t u r e  by p rocedures  o f  
fo rward -p l ay ing ,  and combine s u c h  a  s t r a t e m  w i t h  t h a t  com- 
i n g  o u t  from a  pu re  a d a p t i o n  p r o c e s s .  
9 .  I n  r e a l  model b u i l d i n g  p r o c e s s e s  t h e  p r e s c r i b e d  
c o n t r a d i c t i o n s  a r e  r e l a t e d  t o  e a c h o t h e r ;  t h i s  means t h a t  
t h e  pa rame te r s  f o r  conc lud ing  t h e  compromises a r e  i n t e r d e -  
pendent .  It  can be u s e f u l  t o  use  c o o r d i n a t i n g  s t r a t e g i e s  
t o  t a k e  i n t o  account  t h e  r e l a t i o n s h i p s  between a l l  t h e s e  
c o n t r a d i c t o r y  i n f l u e n c e s .  
I V .  A ~ g r e c a t i o n  o f  t h e  I n f o r m a t i o n  Inc luded  i n  a  S e t  o f  
Rough Models 
1. Every model b u i l d i n g  method can o n l y  l e a d  t o  a more 
o r  l e s s  rou[:h model. Th i s  means i t  makes no s e n s e  t o  
demand t h a t  f n  a  rough model we can d i s c r i m i n a t e  between 
p a r a m e t e r  v e c t o r s  hav ing  a  small d i s t a n c e .  I t  i s  a  p a t t e r n -  
r e c o g n i t i o n  problem w i t h  n o t  d i s j o i n t  c l a s s e s .  
2 .  D i f f e r e n t  model b u i l d i n g  p rocedures  p o s s e s s  d i f f e r e n t  
p a r a m e t e r  s p a c e s  A A g iven  o b j e c t  l e a d s  t h rough  t h e  para-  j. 
mete r  e s t i m a t i o n  p r o c e s s  t o  a  p o i n t  P E A which i s  a fuzzy j j' 
p o i n t  because  o f  s t o c h a s t i c  i n f l u e n c e s  and t h e  c r u d i t y  o f  
t h e  model b u i l d i n c  p r o c e s s .  By e x p e r t  e s t i m a t i o n  o r  w i t h  
c l u s t e r  t e c h n i q u e s  we can app rox ima te ly  g e t  a  s e t  o f  c l a s s e s  
K: i n  e v e r y  p a r a m e t e r  space  A j 
3 .  By e x p e r t  e s t i m a t i o n  o r  w i t h  c l u s t e r  t e c h n i q u e s  w e  
can  e s t i m a t e  a  fuzzy  mapping f i ,  d e f i n e d  on t h e  c l a s s e s  K; 
and t r a n s f o r m  them i n t o  a common d e s c r i p t i o n - s p a c e  A f o r  
a l l  models i n  t h e  s p a c e s  A i .  
4 .  By a p p l y i n g  f i  t o  K: we g e t  t h e  s t r u c t u r e  o f  f u z z y  
c l a s s e s  o f  models  i(: i n  t h e  common s p a c e  A .  We c a n  u s e  t h e s e  
c l a s s  s t r u c t u r e s  t o  c o n s t r u c t  a  new s t r u c t u r e  R J  by t h e  
c o m p o s i t i o n  o f  t h e  s t r u c t u r e s  i i  u s i n p  t h e  t e c h n i q u e  o f  
e s t i m a t i o n  o f  t h e  f u z z y  o b j e c t s  w i t h  t h e  aim o f  c e t t i n p  
c l a s s e s  kJ which a r e  s h a r p e r  t h a n  t h e  c l a s s e s  i n  t h e  d i f -  
f e r e n t  p a r a m e t e r  s p a c e s  A i ' 
5 .  We c a n  a l s o  u s e  a c o m p e t i t i o n  b e t w e e n  t h e  d i f f e r e n t  
models  i n  t h e  s p a c e s  A i  f o r  t h e  same o b j e c t  i n  t h e  s e n s e  o f  
mixed s t r a t e g i e s  (game t h e o r y )  o r  i n  a s w i t c h i n r  p r o c e s s  
which t i m e  a f t e r  t ime  p r e f e r s  one  o r  t h e  o t h e r  model. 
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DYNAMICA 
PREFACE 
This is a report on the activities developed by the Project Group 
GLOBAL DYNAMICS in the first two months of its existence. The re- 
port aims at offering to a wide circle of persons interested as complete 
a picture as possible of the work, the directions into which it is 
developing, and the results that have been obtained. It is in particular 
presented to those who already expressed their interest and their 
willingness to cooperate but with whom no contact could be maintained 
owing to pressure of time. 
It is a risky enterprise to write a report for such a wide and 
very diversified circle of persons interested, particularly on the 
subject of Global Dynamics. What has too little nutritive value for an 
insider may be all but indigestible for someone else. In addition, the 
chance of incorrect interpretation is not inconceivable. However, just 
as the study of the problems raised by the Club of Rome seemed necessary 
despite possible snares and pitfalls, so the drawing up of this report 
seems imposed upon us. 
Those who like exciting reading and daring pronouncements will find 
little to their taste in this report on studies that aim above all at 
being thorough and reliable. So be it. One of the decisive motives to 
tackle this task was that with this important and urgent subject may be 
connected so great interests that it must be dealt with in the university 
world with its deep-rooted tradition of objectivity and independence. 
The type of reader referred to above will do best by skipping the whole 
report; the chance that he will interpret it incorrectly is not remote. 
More important are those readers who are interested in the general 
problems but less in the control and systems engineering approach followed 
by us. We would recommend this group of readers to skip the chapter on 
the activities (Chapter 2) and to read only the.chapters Introduction, 
Organisation, and Summary and Supplement. 
And, finally: Names of members of the Project Group are seldom 
mentioned in this report. The Group presents itself here as a team, and, 
as behoves a good team, many important contributions from the individual 
members can hardly or not at all be isolated from the whole. Therefore, 
to all documents emanating from the Project Group (see inter alia the list 
at the end of the report), and hence also to the present report, applies 
that in principle a name identifies only the person who ultimately made 
up the text in question. Only two persons may claim to have contributed 
to virtually all documents, viz. Mrs. C.C.M. de Jong and Mrs. J.E.M. van 
Bergen, the unsurpassed members of our Group secretariat, whose world, 
owing to this project, has become even more dynamic! 
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1. INTRODUCTION 
1.1. What went before 
We assume that the rpader is, at least superficially, familiar with 
Limits  t o  Growth 131 . This book was preceded by the book World Dynamics 
by Forrester ( 1 1  and two informal reports by Meadows et al. (21.  It was 
primarily Forrester's book that attracted attention in several places 
in this country. One of these places was the Central Laboratory of the 
Dutch State Mines, where Van der Grinten and a number of associates 
responded to the invitation with which Forrester prefaced the presentation 
of his model: "The reader should eramine the assumptions and re la t ion-  
ships (of the mathematical model about to be presented) for p laus ib i l i t y .  
I f  ht. were t o  engage i n  ertending and re f in ing  the  model, he would want 
t o  t e s t  h i s  a l ternate  hypotheses by a l ter ing  the  assumptions given here 
t o  determine which changes i n  assumptions r e s u l t  i n  s ign i f i can t  changes 
i n  sUstem behaviour. We are in teres ted  i n  the possible modes of behaviour 
of  the  world system. Before one i s  j u s t i f i e d  i n  devoting large amounts 
of kine t o  individual  assumptions, he should see something of the  t o t a l  
system behaviour. Also, a f t e r  a system model i s  operating, i t  i s  possible 
t o  examz:ne s e n s i t i v i t y  of t he  system t o  the various assumptions and t o  
i d e n i i f y  which arc most important and need t o  be re f ined .  One makes 
most raapid progress by follo-ving an i t e r a t i v e  procedure i n  which he 
quickly comes t o  an approrimate model, then eramines behaz~iour of the  
system tha t  has been described, and f i na l l y  returns t o  improve the  assump- 
t ions  urrd the in terpre ta t ions .  This  book i s  the f i r s t  of such i t e ra t ions ;  
it  i s  intended as much t o  present methodology as t o  y ie ld  conclusions". 
In December 1971 ,  Van der Grinten and De Jong published some provisional 
conclusions of their work. (41 .  Starting from the results of simulations 
using 3 sirrlp!ified model, they made it plausible that in Forrester's model 
"therze are a number of ertremely c r i t i c a l  quan t i t i e s  having a s ens i t i ve  
effect; so sens i t i ve  indeed that  only very care fu l l y  following Forrester 's  
assuniptions leads t o  r e s u l t s  as obtained by him. One wonders, then,  why 
these s i tuat ions  and not other equally probable s i t ua t ions  have been pub- 
l i shed ,  or why nor a simulation has been s e t  up with boundary conditions 
and parameters which f luc tuate  s t a t i s t i c a l l y  w i th in  an acceptable range 
Ir1Mor~te CarZo1'methodl". Apart from this - i.e. not based on the simulation 
results - several other objections were raised, for example the objection 
that poorly known relations are supposed to be extrapolatable and reversible. 
On February Ilth, 1972 ,  Van der Grinten in the Measuring and Control 
Seminar at the Eindhoven University of Technology held a lecture entitled 
"The wor21J of Forrester and tile Clu3 of  Rome. Control and Systems Science 
considerations and suggestions concerning dynamic world models". With 
some fifty people interested, including many colleagues in the sphere of 
Control Engineering, views were exchanged regarding the contribution that 
might be made by control and systems science to the study of the problems 
brought up for discussion by the Club of Rome. The conclusion was that in 
view of the important social implications of this work for the world as 
a whole, in view of the iniportance to the Netherlands of being involved 
in it as closely as possible, and in view of the knowledge and skill with 
* See Bibliography at the end of this report. 
respect to working with dynamic models at the disposal of this 
country, it was of importance to create at a short date a project 
group whose nucleus would comprise the combined Measuring and Control 
groups of the E.U.T., in particular the section of the Department of 
Applied Physics (henceforth to be referred to as Section NC). From 
several sides active co-operation was promised, among which the Royal 
Dutch/Shell Laboratories at Amsterdam, the Central Laboratories of 
the Dutch State Mines, the Computer Centre of the Delft University 
of Technology and also the Subdepartments of Mathematics of all Uni- 
versities of Technology and the State University of Groningen, and, 
of course, of the Universities of Tilburg and Eindhoven. Numerous 
others expressed their preparedness to take part in the thinking and 
the activities whenever they would be asked to do so. The Work Group 
Future, consisting of about a dozen very prominent scientists, 
business leaders and officials, for example. Nobel-price winner 
ProEessor J .  Tinbergen, Royal Dutch/Shell president Mr. G.A. Wagner, 
Minister of Economic Affairs Professor H. Langman, Director of the 
National Bank and former prime minister Professor J. Zijlstra and 
Club of Rome member Professor C. J.F. ~gttcher, was known to welcome 
such an initiative. The project and the project group had come into 
being. 
I .  2 lntentions 
The name GLOBAL DYJAMICS was chosen to refer to the project as well as 
the project group, the word GLOBAL indicating the object as well as the 
cli-racter of the study. 
Starting from matllematical models set up by others, the project 
group, in close consultation with specialists with respect to social 
science and/or management (henceforth to be referred to as social 
s , ~ e c i a l i s t s ) ,  aims at making a control and systems science contribution 
t b  solving the problems brought up for discussion by the Club of Rome. 
Its attitude is professional, independent and objective, and on these 
grounds susceptible to ideas of - and co-operation with - others (also 
where persons or groups of persons with explicit and political views 
are concerned); its results and pronouncements should, however, be 
strictly reliable. All results are public, and hence available to others 
fir interpretation. 
What exactly does the handsome name control and systems science mean? 
ControZ Science is easily defined as the combination of control engineering 
and control theory. and this defines the term sufficiently well, but 
what has to be understood by the fashionable name of Systems Science? 
In our case it roughly means the knowledge and skill with respect to the 
study, based on mathematical models, of the dynamic and static behaviour 
of all kinds of systems, i.e. objects consisting of a number of inter- 
acting components, like a machine factory, a chemical installation, a 
natural gas network, the human eye, and the world. 
The nature of the approach may be elucidated in two ways. First, 
by the enumeration of the weakez spots a control and systems engineer 
may discover in the MIT studies .To avoid misunderstanding it should be 
remarked that the work done by Forrester and Meadows et al. commands deep 
respect, in particular in view of the extremely brief space of time in 
which it was performed, but that this does not remove the necessity of 
identifying - and filling up - any gape. Secondly, the character can be 
illustrated by the following list of action items in correspondence with 
which the activities will be reported on in the next chapter. 
* See Appendix. 
Items-of-~_c4io_n-of-4he-C~411ot~~n_d-~~tem~~Science~A~~~o_~~h 
I .  In s igh t  i n t o  t he  model and understanding o f  i t s  behaviour 
The model presented by Forrester is essentially much simpler than 
it is suggested. Analysis of structure and functions, behaviour 
and inner working may render self-evident what at present still 
seems "counter-intuitive". 
2. S e n s i t i v i t y  analys i s  
Systematic investigation of the effect of changes in initial values, 
coefficients and functions. Usefulness:  it separates main things from 
details, it teaches model-makers what parts require further study 
and may indicate further simplifications. 
3. Ef f ec t  o f  dynamic improvements 
Exploration of the effect of possible dynamic improvements including 
the introduction of a division according to age into the population 
model, of pollutions having different lifetimes, of the i-nhibition 
of the biological cleaning by chemical or thermal pollution, of the 
difference between poor and rich countries, and of a "refuse treasure". 
Usefulness: it teaches us to what extent the present simple model is 
or is not tenable, and through this can give hints to model-makers. 
4.  Correcting variables 
Identification, definition and study of possibilities of influencing 
the hehaviour of the world model. Usefulness: basis for stabilising 
and optimising control (see 5 and 6) and subject matter for the 
forming of thoughts with social specialists. 
5.  Ef f ec t  o f  s t a b i l i s i n g  control  
Exploration of the effect of various feedbacks with or without delay, 
taking into account the fact that the model on which this has been tried 
so far lacks almost all details which decide to what extent control 
can be effective at all. 
Analysis of sensitivity of the model with control. 
Usefulness: subject matter for the formation of thoughts with social 
specialists. 
6.  Ef f ec t  o f  optirnising control  
Tentative calculations of the corrections that would be necessary in 
the course of years to realise the "best" development. This for various 
definitions of "the best" development. Perspectives of approximately 
optimal controls. Usefulness: as of preceding item of action. 
7.  Methods and techniques 
Development of simulation techniques and other methods in the interest 
of the action items mentioned above, preferably in such a way that 
smooth switching over to a newer model is possible. 
8.  Evaluation and information 
Evaluation of: formulations of problems, methods, results, opinions, 
and propositions, from the project group as well as from outside. 
Aiming at distinguishing: 
(a) what is almost sure to be correct or incorrect, 
(b) what might be correct or incorrect, and why this is not yet 
certain, 
( c )  vague points that seem worthy of further study. 
Objective information to insiders and outsiders. Contributing to the 
standardisation of formulations of problems, assumptions, methods, 
terminslogy and presentation of results. 
Thus far this sumnary of the items of action. The composition and 
organisation of the project group will be described in Chapter 3. 
I .  3 Reservation 
It is far from certain that Forrester'a Method will lead to meaningful 
and usable results. In fact, the problem posed is awe-inspiringly complex, 
and in a number of far simpler cases this method has not yielded any new 
and usable results. In the future one will perhaps look back smiling and 
think "how naive they were then". 
However, a few things are clear. The method is in principle of the 
best kind available, and it is of great potential interest to try to 
improve it and to get what one can out of it. But at the same time it 
is clear that one must be extremely careful in attributing to the results 
the slightest realistic value. In fact, the behaviout of mankind is - even 
at short notice - so unimaginably unpredictable that no model is capable 
of indicating with certainty what is going to happen and what one will 
have to do. Those who do not realise how uncertain all predictions are, 
even those covering only a couple of years, are unfit for vork in this 
area. However, those who are familiar with working with models do know 
that the most important usefulness is perhaps that one can get an impression 
of what is likely not to happen and of what one will not have to do. Such 
a restriction of problem formulation and possible results is often very 
valuable. And the point at issue is to utilise the information available 
at present as well as possible and in doing so to recognise possible 
developments in the long term, in order that the best frame-work of 
management-in-the-mid-long-term may be determined. 
On the basis of these considerations the present writer is of the 
opinicn that no better motto for the GLOBAL DYNAMICS project can be found 
than that of William of Orange: 
Neither is hope a requisite for enterprise, nor success for perseverance. 
2. REPORT ON THE ACTIVITIES 
in t roduc t ion*  
This report covers the initial period from Friday February 11th (vhen 
after Professor Van der ~rinten's lecture :he institution of the project 
group was decided upon) to Saturday April 15th (when after the lecture 
of Professor Meadows the latter placed his latest version of the World3 
model at our disposal). This is at the same time the period in which 
the long-awaited book Limits t o  Growth (31  was published. 
The activities described in this progress report refer exclusively 
to studies based on the model constructed by Forrester ( I ! ,  which in the 
current jargon is called WorZd2. Whether ever a World1 and perhaps even 
a World0 and a World00 have existed - in imitation of denominations of 
models current elsewhere - we do not know (perhaps we may assume that 
these names refer collectively to all non-mathernatical models of world 
events used so far). 
Our activities were carried out in anticipation of the World3 model 
and our first concern was therefore to acquire insight into and experience 
with the kind of uncertainties, moot points, contrarieties, obscurities, 
calculating difficulties, and similar problems which are inherent to the 
subject. (At the same time a substantial part of the internal and external 
organisation had to be created, but this is reported in Chapter 3). 
It had been our intention to devote our attention also to the literature 
which considers subjects and methods germane to Forrester's World Dynamics. 
Further, we had wanted to examine, together with social scientists, the 
criteria one might apply to judge possible future developments and the 
possibilities of contral. 
Unfortunately, little has come of this. In retrospect it appears that 
two main causes may be pointed out. The first is that virtually every one 
who, starting from the same mathematical model WorZd2, performed calculations 
produced different results. The differences diverged from a few per cent 
(for digital calculations!) to a few dozen per cent (for analog calculations 
with sensibly but drastically simplified models). Now it can rightly be argued 
that such difference of a quantitative nature are relatively unimportant 
in view of the enormous uncertainties inherent to the model itself. Since 
Forrester himself, however, presented results that clearly do not tally 
with his own definitions (see Section 2.1.1), and Meadows, at first apparent- 
ly calculating with the same World2 model, obtained results deviating in 
certain respects (see Section 2 . 1 .  I), it seemed to us of interest to find 
out to what such differences are attributable. 
The second main caase is to be found in the fact that the maintenance 
of necessary contacts and responding to questions from all quarters demanded 
far and far more time and energy than had been anticipated. In itself it is 
an exceedingly gratifying phenomenon that so many in this country are inter- 
ested in the.problems, and that so many try to supply a meaningful contribu- 
tion. However, i.t requires a considerable portion of the time and energy 
available. 
Let us now consider the work that hao been done. We use the division 
given in Section 1 . 2 .  Many of these activities run parallel to each other, 
but for the sake of clarity we shall discuss them consecutively. 
* As explained in the "Preface",  it is auggested ta the more globally 
interested reader to skip this chapter. 
2 . 1  Ins ight  i n t o  the  model and understanding of i t s  behaviour 
2 . 1 . 1  Forrester ' s  model (World2) 
Forrester's model has been studied thoroughly; some conclusions are: 
Diagram : 
The model is represented too intricately; the diagram can be drawn * 
more surveyable and at the same time furnish more information (126) . 
Functional re lations: 
Forrester himself points out that he considers certain functions to be 
dubious and that these require further study; we add to this a few more 
functions (124). If, however, one considers only the credibility of 
the propounded causal relations, one incurs needless work. It is 
preferable to draw up a table in which for each function are mentioned: 
- The range and the number of straight lines the input variable traverses 
in the standard run (the meaning of this is: the calculation of the 
nominal behaviour - in Forrester's terms also called the original, 
the normal, and the basic behaviour). 
- Do. In the collection of all non-catastrophic runs. 
- Do. In the collectkpn of all catastrophic runs (if one is still 
interested in this ).  
- The sensitivity of the behaviour of the model with respect to the 
coefficients of the function. 
- The (subjective) credibility of the function. 
- The part the function plays. 
On the basis of such a table it can be decided which functions require 
further consideration (this analysis has not been carried out completely 
for VorZd2 in view of the advent of World,?). 
Studying the system as a whole: 
Although so many proclaim that a system is more than the sum of its com- 
ponents, only few investigate in what respects a system manifests itself 
as a system. Generally one restricts oneself to: 
(a) the dissection of the system (definition of relevant variables and 
system components, 
(b) establishing functional relations between variables (analysis of the 
system components), and: 
(c) calculating the behaviour of the whole under various circumstances. 
Often, the structure and properties of the system as a whole are then not 
given the attention they deserve. This applies likewise to Forrester's 
World. Therefore, special attention has been given to this; before long 
we hope to be able to demonstrate what interesting insight such a study 
yields . 
Reversal of h is tory  
'I*** A historian has been described as fo in riickggngiger Prophet . In this 
spirit we have taken the liberty to calculate-from 1900 backwards instead 
of forwards using Forrester's model. To this end one function was extended 
linearly (viz., F6, which determines the efficiency of the investments as 
This is a reference to nformal Note No. 26, see list at the end . 
** 
Forrester shows a number of runs - considered by himself as unrealistic - 
in order to demonstrate the various limits to grovth. 
*** 
"A prophet looking backwards". 
a function of the natural resources, was extended linearly in order to 
be able to calculate also with stocks larger than those of 1900). Within 
a year or so, the calculation came to a deadlock because the degree of 
pollution became negative. As this was an artefact, the degree of 
pollution POLR was put equal to 0.000 000 000 1 as soon as pollution 
became negative. With this adaptation the calculation ran aground in the 
summer of 1880, owing to the agricultural capital fraction (CIAF) becoming 
negative; see dotted parts of the lines in Figure I .  For safety, we next 
made a normal forward calculation with the standard programme, starting 
from the values of 1881 (solid lines in Figure I). The results coincide 
before I900 with those of the backward calculation, and after 1900 with 
Forrester's. 
SCALE VALUES: P: 5.109, CI: !.lo8, MSL: I, FR: 2, CIAF: 4 .  
P volume of population 
FR food per head 
CI capital investments 
CIAF fraction of capital in agriculture 
MSL material standard of living 
C I A F  
- 
Figure I 
According to the model, the population in 1880 equals 3700 millions (more 
than in 1970:) and decreases in nearly twenty years by slightly over 2000 
millions. This is caused by the low values of food production and material 
standard of living. At the outset, the capital investments are almost 
constant, but owing to the decrease in population the per-head investments 
rise rapidly enough to get the investments - and later also the population - 
going, all in accordance with the model. 
So many premature and wrong "conclusions" can be drawn from these results 
that we publish them hesitatingly. The reader is advised to regard all this 
as a practical joke rather than to take it in good earnest. For the sake 
of brevity reference is made to the supplementary comments in Section 4.2. 
To mathematically trained readers it is of interest to explain why, 
when calculating backwards from 1900, the pollution became negative after 
a year or so. Thls is the inevitable consequence of the choice of the 
initial value POLI, that is the value of POL in 1900. Apparently. Forrester 
did not realize that the state variable POL is a so-called s t i f f  
v a r i a b l e ,  in the present case a quantity which tries to adjust itself 
to a value about equal to 0.61 . CI with a very small lag (time 
constant 0.61 years). Now the initial value of CI was equal to 4 . 10 8 
so that khe corresponding initial value of POL would have been appgox. 
2.4 . 10 ; Forrester, however, assumed an initial value of 2 . 10 . 
In 1900, POk can have this value only if it is on its way to the value 
of 2.4 . 10 at great velocity, and hence comes of even lower values 
at a high speed. Therefore, if one wants to start the calculation on 
January Ist, 1899, instead of 1900, one has to assign POL a rather 
large nega t ive  $nitial value in order to arrive on 1.1.1900 at Forrester's 
value of 2 . I0 . If one takes the initial value on 1.1.189 equal to 8 
zero, then POL already nearly reaches the value of 2.4 . 10 on 1.1.1900. 
In Forrester's own calculation POL must have run very rapidly to this 
value in the course of 1900, but maybe he has never noticed this because 
his graphs show no results between 1900 and 1904. The above emphasizes 
that the initial values -J£ stare variables cannot always be chosen 
freely. 
C'alcuZative a s p e c t s :  
Forrester starts his calculations in 1900, but in order to eliminate a 
number of dimension and scale value problems he defines the units in 
which a number of quantities are expressed in such a way that these 
quantities must be eqgal to I in 1970 (i.e. per definition). Owing to 
this he has incurred a two point boundary value problem which he has 
solved reasonably well, presmably after a few iterations. But not all 
reasonings by which the values of the state variables in 1970 are 
converted in his book to those of 1900 are watertight (see, for example, 
Section 3.2 on the birth-rate and Section 3.8 on the natural resources). 
Prom his graphs it appears that a number of these quantities do not satisfy 
exactly the requirement introduced b) himself that they should be equal 
to one in 1970. Why it does not seem to have occurred to his to calculate 
bhcltwards iron 1970 to 1900 is not clear. This would have been all the 
more plausible because he established (explicitly or implicitly) the 
values oi all state variables in 1970, even those of the stock of 
natural resources, which he next took as starting value in 1900 (page 
38 of the book). 
Although the deviations are not great, it was important to ascertain 
to what they are to be imputed, first of all to prevent confusion 
between those who work with these models, and secondly because it is 
important to know the values in 1970 accurately if they are to be used 
as initial conditions of calculations with a simplified or non-simplified 
model. As we did not have Forrester's DYNAMO procedure at our disposal. 
a number of fellow-countrymen who probably have used it, have been 
requested to report their experiences and views (132). Their findings 
will be reported on in due course. 
Meadows and his associates apparently have at first (2) carried out 
calculations with Forrester's model, but their results show some remarkable 
deviations. Thus, in Forrester's model the peak+of pollution in the 
standard run lifs nearly 50% higher, viz. at 6 - 113, while Meadovs has 
it at only 4.4 - 1/15. This is probably the reason vhy in Meadows' 
calculations the peak of the population curve is maintained some 25 years 
longer. The result is that after the year 2050 his model has approximately 
800 million people more than Forrester's. In spite of this he manages a 
Little more economically as regard8 natural resources. His quantity of 
food per head from 1900 to 2100 lies much nearer to the value in 1970 
than according to Forrester (but in the definitive report of the Club of 
Rome this quantity appears to vary much more strongly according 
to World3 than according to Forrester, but in the reverse direction! 
- Compare Figure 4-2 of Forrester with Figure 35 in Limits to Growth). 
The explanation of these differences is not yet clear. It is possible 
that they were caused by Meadows solving better the two point boundary 
value problem mentioned above. On this point, too, questions have been 
lodged (132). 
In this connection it should be mentioned that the diagram of 
WoorZd2 given by Meadows deviates slightly from Forrester's (126). 
Since Meadows has in the meantime developed WorZd3, the differences 
mentioned above seem to be interesting only in so far as they lead to a 
better insight into Forrester's World. 
Van der Grinten and De Jong have made orienting studies with the aid of 
a partially linearised model in which the agricultural variables were 
taken constant - viz. equal to the values in 1970 - and the influence 
of crowding was left out of consideration. The period considered was 
1970 - 2100 or 2300. By "partially linearised" is meant that the non- 
linear functions in the model are given by a series of linear sections 
joining each other, in other words: the graphs show an continuous series 
of straight lines. Forrester defined all his functions in this partially 
linearised form, probably assuming that this gave a sufficiently 
accurate approximation of smooth curves. The model calculations are, 
however, so sensitive to changes in certain functions that, using 
smooth curves (analytical functions through the points specified by 
Forrester) the Royal ~utch/Shell Laboratories at Amsterdam obtained 
results which substantially deviated from those of Forrester (at some 
points of time, for example, population and pollution deviated a factor 
2). Therefore it is not surprising that Van der Grinten and De Jong, 
who replaced some functions showing one or more faint bends by a 
linear function chosen as well as possible, adapting, if necessary. the 
coefficients to some extent, in their turn obtained different results. 
For an exhaustive analysis of the deviations the reader is referred to 
the publications in "Chemisch Weekblad" (4-6) "Econonisch-Statistische 
Berichten (7) and to report US, as well as to the Informal Notes in 
which our findings have been laid down (129, 130, 133, 135, 136; further 
I38 and 137). 
Anyone who tries to reproduce the results of Van der Grinten and 
De Jong starting from the equations published, will find that his 
results do not agree exactly. This is because some coefficients in the 
publication have been rounded off; the model behaviour is so sensitive 
to the values of these parameters that reproduction calculations have 
to be based on more accurate figures. These are specified in an Informal 
Note (130). See, however, the next section. 
2.1.4 The NC mode2 
Generally speaking, persons interested are advised to base calculations 
on a model in which the agricultural sector and crowding are present. 
Anyone who wants to study non-catastrophic developments may use, in 
addition to Forrester's model, the NC model constructed by us, which 
- naturally within the prescribed range of the variables - produces 
exactly the same results, but lends itself better to analog simulation 
and is also more suitable for digital simulation by means of a terminal, 
because the table manipulations take less time. This model has been 
specified in an Informal Note (133) and will be published in IFAC- 
AUTOMATICA in the spring of 1973. 
The ALGOL programme which is used for this purpose on a Philips P9200 
terminal, is available upon request. In general, it is, however, 
advisable to calculate with the complete Forrester's model, if only 
because Forrester goes beyond his own tables in certain runs. For the 
latter procedure a P9200 Algol programme is available. 
2 .1 .5  The LINC mode2 
For the purpose of analysing the model-as-a-whole, a completely linearised 
model (the LINC model) has been derived, starting from the situation in 
1970. The idea is not to carry out calculations with it (although it 
yields rather good results as far as in the next century), but to get 
more insight into the system, for instance, by studying the feedback 
matrix and its eigenvalues. Some of the results are quite unexpected (134). 
The analysis will be submitted for publication i x  IFAC-AUTOMATICA. The 
insight and results acquired may be useful for studies on the subject of 
stabilisation and optimising. 
2 .1 .6  Final  remark 
As appears from the foregoing, the investigation of the model cost a 
greater amount of time and trouble than we expected. This was at the cost 
of other activities that had been proposed, viz. the contacts with specialists 
in the fields of economics, demography, ecology, agriculture, law, sociology, 
etc.. and partly also at the cost of further explorations on the basis of 
WgRSD2. We hope and expect that later on it will be concluded that the 
efforts to first control thoroughly the problems in the World of Forrester 
have been valuable. 
2 .  i: Serisi t i u i t y  a n a 2 y s . i ~  
Starting from Van der Grint.cn and De Jong's model (as specified in (130). 
i.e. without the agricxltural sector and crowding), an analysis of sensitivity 
has been carried out on an analog computer. Informal note I19 contains graphs 
s!lowing how 
the natural resources, 
the population 
the capital investments, 
the pollution, and 
the material standard of living 
vary according to this model from 1970 to 2100, if various values are assigned 
to 
BRN birth rate coefficient, 
DRN death rate coefficient, 
CIGN = re-investment coefficient, 
CIDN = rate of depreciation, 
POLN = coefficient of pollution generation, 
POLAT = pollution absorption time as a function of the degree of 
pollution, 
NRUN = codfficient of usage rate of natural resources. 
These graphs, which naturally should be interpreted intelligently. are very 
instructive. For instance, in them the decomposition of the model - which 
can already be deduced from the original equations - is clearly reflected: 
variations in the population sector and the pollution sector have hardly any 
effect on the capital and natural resources sectors, except under very ab- 
normal conditions. As appears from a qualitative summary in matrix from, the 
following applies: 
- An increase in population and a decrease in pollution generation have 
effect in the same direction on: population (positive), degree of 
pollution (negative), and material standard of living (negative). 
- An increase in capital investments and a decrease in the usage rate of 
natural resources both lead to: higher investments, higher material 
standard of living and more pollution; both act equivocally on the 
population, but, naturally, larger investments lead to a larger con- 
sumption of natural resources, whereas economy with resources leads to 
a lower consumption. 
We emphatically point to the fact that from the above only indications 
as regards the sensitivity of the model may be derived. Direct translation 
to reality is not allowed because G a l i t y  i t  i s  never possible t o  
modify only one c o e f f i c i e n t .  The real world simply cannot invest more in 
means of production unless at the cost of something else, for example, 
at the cost of investments in the agricultural sector or in the service 
sector, or at the cost of the material standard of living of the consumer. 
Neither is it possible in reality to restrict the consumption of natural 
resources (in our case NRUN) to one iourth, without drastic alterations 
being brought about. If, in spite of this, Forrester devotes four diagrams 
to what would take place in such a case, he is trying to make clear that 
he is doing this with a view to learning to know the model better. However, 
while reading, one easily loses sight of the fact that only a (non-realistic) 
model experiment is concerned . In view of the totally incorrect inter- 
pretations attached to this kind of results by many persons - including 
many of whom more insight might be expected - we cannot state clearly 
enough that: 
SEiVSITIVITY ANALYSES SERVE TO FIND OUT HOW GREAT I S  THE INFLUENCE OF THE 
CHOICE OF CERTAIN COEFFICIENT VALUES, FUNCTIONAL RELATIONS, AND I N I T I A L  
VALUES, AND NOT OF FINDING THE EFFECT OF PARTICULAR REAL-WORLD MEASURES. 
Anyone who w z s  to do that should first carefully find out in what places 
and in what wayssuch measures have their effect (see further Section 2.4). 
No systematic sensitivity analysis with respect to the choice of the 
i n i t i a l  values has been carried out as yet. Exploratory calculations have 
in the mean time shown that some initial values, or ratios of initial 
values, have a distinct quantitative influence. 
Informal note I19 also shows the results of a sensitivity analysis 
of a model with  control (see further Section 2.5). 
2.3 E f f ec t  o f  dynamic improvements 
Anticipating the publication of World3 - which embodies a great number of 
improvements - not much attention has been given to this point (work has 
been done on the development of the simulation techniques required. See 
further Section 2.7). 
* Although it should give food for thought that restricting the winning of 
natural resources to the tune of 75% would lead to an enormous increase in 
the material standard of living! 
Chiefly for the sake of the dynamic optimisation studies (Section 
2.6). however, an exploratory investigation has been carried out with 
respect to the influence of the time lag of the pollution. In fact, 
this state variable adjusts itself to changes in the supply in a much 
shorter time than the other state variables in the model provided the 
pollution does not become more than, say ten times its valuf in 1970. It 
is interesting to find out if one may ignore this short lag , for that 
would make it possible to save roughly a factor ten in calculation 
time in each digital simulation and another factor ten in dynamic 
optimisation studies. 
The results of the calculations give reason to expect that the 
lag of the pollution - and hence the part this quantity plays as a 
state variable! - may be neglected in the present model (120). 
2.4 Correcting variab2es 
As has been emphatically pointed out in Section 2.2, one does not get a 
realistic picture of the effect of corrective measures by altering a 
coefficient here or there. For example, to enable the effect of a particu- 
lar measure for restricting environmental pollution to be investigated, one 
will at least have to find out what effect the measure has in the pollution 
sector and what effect its cost has in the capital sector. Little attention 
has been paid to this point so far neither by the M.I.T. nor by the Club 
of Rome. 
Therefore the project group has given thought to and discussed appro- 
priate formulations of the possibilities of introducing correcting 
variables into the model and the problems connected with this. No satis- 
factory solution has been found as yet, not even for the simple world of 
Forrester. but for the sake of dynamic optimisation studies a provisional 
formulation of correcting variables and of possible optimising criteria 
has been laid down in 128. 
It is evident that in any case the cost  of every measure has to be 
taken into account. However, as the capital sector in WorZd2 is so simple 
and as Forrester does not define the concept capital, it is no simple 
task to weave the cost into the model in a consistent way. In the mean 
time it has turned out that our early ideas (113) agree rather well with 
the views of Meadows. Therefore, we intend to bri~g these problems up for 
discussion in wider circles before long. 
2.5 E f f ec t  of  s tab i l i s ing  controZ 
&4t Dutch State Mines it has been investigated what would be the effect if 
the control proposed earlier (4, 5) were introduced not in 1970 but in 
1980, 1990 and 2000, respectively. If the situation i n  the year of  i n t ro -  
duction is taken as the desired value, the curves of the state variables 
(natural resources, investments, pollution, population) show great shifts. 
If, next, simulations are carried out in which the situation i n  1970 is 
taken as the desired value, the curves of the state variables shift far 
less; however, action comes home much harder in proportion as control is 
introduced later. 
Finally, a simulation has been made of the introduction of control in 1970 
* To avoid a most likely misunderstanding: this does not mean that the influ- 
ence of POLAT is eliminated from the connection between POLG and POLR, but 
only that the connection is taken to be without inertia (if you like, 
algebraic). 
with the situation in 1950 as the desired value; but this hardly 
affects the curves of the state variables. 
The results mentioned above have been published ( 6 ) .  
Using the same model, it may be useful to investigate the effect of 
stabilising the Qual i ty  of  L i f e  defined by Forrester. 
Finally, a sensitivity analysis has been carried out on the con- 
trolled model (119). Comparison with the uncontrolled model shows that 
generally the curves of the state variables are smoother and less sensitive 
to parameter changes. The most important kxception is that, owing to 
control, the resources and investments are now sensitive to changes in the 
parameters of the population and pollution sectors. 
For safety, it should be emphatically pointed out that the results 
of these control studies should be interpreted with much caution, firstly 
because the proper correcting variables have not yet been used, and 
secondly because any model based on World2 is far better controllable 
than the real world. The stabilisation studies will, therefore, not be 
continued until a model of World3 with correcting variables is available. 
2.6 E f f ec t  of  optirnisinq control 
A special subgroup - including participants of the Royal DutchIShell 
Laboratories Amsterdam, the Dutch State Mines, the State University of 
Groningen, and the three technological universities - is going into the 
problems and possibilities of the application of the theory of dynamic 
optimising. At first the discussions centred for a long time round the 
formulation of the possibilities of correction and the criteria, partly 
because for many obvious formulations the Hamiltonian shows that they 
might give rise to bang-bang solutions. 
In the mean time the Royal DutchIShell Laboratories Amsterdam have 
made available programmes and calculation time for dynamic optimising 
according to Pontryagin, which is used for a preliminary study based on 
the D.S.M. model. Parallel to this, the Dutch State Mines are investigating 
the possibility of a time + resources transformation, and the Twente 
University of Technology are studying the possibilities of application 
of a programme for optimum-time calculations according to Pontryagin and 
of dynamic programming according to Bellman, while the other institutes 
are making orienting studies. 
2.7 Methods and Techniques 
To supplement what has been said about methods in the foregoing, we will 
give the calculating facilities a moment's thought. 
The D.S.M. model is implemented on an analog computer (EAI 680). This 
machine is coupled to a bigger one (EAI 231R) to simulate the NC model with 
agricultural sector and crowding. The great advantage of analog simulations 
is that a complete calculation covering the years 1900 to 2100 or 2400 can 
be carried out dozens of times per second, the results becoming visible 
on a monitor as a stationary collection of graphs. By turning knobs one 
can make alterations in the model; the results become visible at once. 
This not only increases working speed, but above all deepens insight 
into the model. 
In addition, calculations are performed - particularly for veri- 
fication purposes - using an Algol program of World2 according to 
Forrester's specification in Appendix B of his book. These calculations 
are carried out via a terminal of the Philips P9200 time-sharing system 
of the E.U.T. This program will be made available to others upon request. 
For extensive calculations a program is written for the EL-X8 of 
the E.U.T. together with a few PDP8 program for automatic conversion 
of P9200-programs for the EL-X8 and vice versa. 
The small digital machine PDP8 is not only used off-line to convert 
programs and data from one digital machine to another, but also on-line 
to take over certain tasks from the analog machines. This becomes of 
special importance to working with Worldd, to investigating the effect 
of dynamic corrections, and to studying stabilising and optimising 
control. By way of exercise. work has been done with the DSM model of 
which a certain cluster, i.e. a subsystn with relatively many internal 
and few external variables - in this case the population sector - was 
simulated in the digital way and the rest in the analog way. The PDP8 
appeared to have enough calculating time and memory space, and accuracy 
was good. To get to know better the limitations of this procedure, the 
pollution sector was next chosen as cluster, because this influences the 
model's behaviour strongly and has a relatively small time constant. The 
results did not appear to become appreciably noticeable before the sampling 
frequency of the PDP8 was reduced below 5% of its possible maximum. 
Combined with the analog machines, the PDP8 can fulfil other useful 
tasks, such as evaluating the results on the basis of those of previous 
calculations. It is, however, not the intention to proceed to complete 
hybrid simulation, because for this purpose it is much better to use the 
great hybrid calculating facilities already offered by the Delft University 
of Technology. 
2.8 Eualuation and information 
Evaluation of the publications of Van der Grinten and De Jong (4-6) and 
of Muller's criticism of them ( 7 )  is, as mentioned earl.ier, reported in 
a number of informal notes and in report U5. 
The study of Forrester's model discussed in 2.1.1 and 2.1.5 has 
revealed some interesting points with respect to the nature of the model to 
which, after further verification, a few publications will be devoted. 
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Scientific management : Professor P.M.E.M. Van der Grinten, and 
Professor 0. Rademaker. 
External coordinntion : Professor 0. Rademaker, E.U.T., Post Box 513,  
Eindhoven, Netherlands, Phone 040-472885. 
Internal coordination : Mr. J.G.M. Cuypers, E.U.T., Post Box 513,  
Eindhoven. Phone 040-472881. 
Associates : 
Professor J.F. Benders (E.U.T./Mathematics) 
Mr. C.G.J. Buursen (E.U.T./Measuring and Control) 
Dr. H.A.G. Chermin (Dutch State Mines1D.S.M.) 
Mr. j.G.M. Cuypers (E.U.T./Measuring and Control) 
Mr. G. Dekker (E.U.T./Measuring and Control) 
Mr. J. van Drie (E.U.T./Measuring and Control) 
Dr. M.L.J. Hautus (E.U.T./Mathematics) 
Dr. J.L. de Jong (E.U.T./Mathematics) 
Mr. P.J. de Jong (Dutch State Mines1D.S.M.) 
Mr. A.C.P. de Jongh (E.U.T.) 
Mr. E..J.H. Kerckhoffs (Delft University of Technology/Mathematics) 
Mr. A.G.H. Kessels (E.U.T./Measuring and Control) 
Professor H. Kwakernaak (Twente University of Technology/Mathematics) 
Mr. M.J.B. Monen (E.U.T./Measuring and Control) 
Mr. J. van Nierop (E.U.T./Measuring and Control) 
Mr. Th.W. Oerlemans (Royal ~utch/Shell Laboratories Amsterdam) 
Dr. G..J. Olsder (T.U.T./Mathematics) 
Mr. G. Sijberden (E.U.T./Measuring and Control) 
Mr. M.J.M. Strik (E.U.T./Measuring and Control) 
Mr. A.J.M. Timermans (E.U.T./Measuring and Control) 
Mr. W.A.H. Thissen (E.U.T./Measuring and Control) 
Mr. J.H.Voskamp (E.U.T./Measuring and Control) 
Mr. Th. Zwietering (Dutch State Mines1D.S.M.). 
Underling denotes full-time associates. 
Professor Van der Grinten will be associated with the Measuring and 
Control Group of the Department of Applied Physics of the E.U.T. at 
Eindhoven as a part-time Professor as from September 1st. 1972. 
The Netherlands Organisation for the advancement of pure research (Z.W.O.) 
has been requested to subsidise the cost of an associate who will especially 
go into the mathematical aspects of the optimisation studies. 
3.2 Course of procedure 
The group aims at losing little time on formalities. The wgrk is 
characterised by numerous intensive, informal interactions ; in 
connection with the size of the group and the fact that its members 
live in various parts of the country the interactions partly take 
place in writing (See list of Informal Notes). Some subgroups can be 
distinguished (optimisation, simulation, stabilising control) who 
* Not only inside the work group but also, for instance, with the State 
University of Groningen. 
take counsel with each other regularly. The intention is to extend 
this kind of contact gradually to workers in other fields (economists, 
ecologists, etc.), for the work of the group is only meaningful if in 
interaction with the appropriate students of other subjects and 
professions the appropriate answers to the appropriate questions are 
found. For this reason, too, it seems desirable to form one or more 
discussion groups of diverse composition to evaluate critically the 
direction in which the work proceeds and the results that are obtained. 
The nucleus at Eindhoven looks after the internal and external 
coordination, the distribution and filing of documents, and reporting. 
A provisional sounding of personal interests led to drawing up a mailing 
list containing the names and addresses of about 10C persons and groups 
outside the E.U.T. many of whom have offered their services. 
4. SUMMARY AND SUPPLEMENT 
4.1 Forrester's World 
Forrester's work - presented by him as no more than a first step concerning an 
enormously comprehensive subject - commands great admiration. The approach 
followed by him is sound, even though when applying it he drops an 
occasional stitch, indeed without appreciable consequences (Section 2.1.1). 
Forrester's model World2 can be improved upon in a number of respects. 
Improvements fitting into the scheme indicated by Forrester include: 
- Splitting up a number of quantities. For instance: distinguishing between 
rich and poor parts of the world, and between different kinds of resources, 
investments and pollutants. 
- More and better dynamic jnterrelations. For example, the model does 
not contain any time delay , and the age-distribution of the population 
is not represented. 
- To verify and, if necessary, to adnpt functional relations based on mere 
suppositions. 
- To verify whether existing correlations have not unjustly been represented 
as causal relations. 
There are, however, also improvements that fit less well or not at 
all into Forrester's procedure and, hence, require extensions, such as: 
- Taking into account the statistical character or certain quantities and 
causal relations. 
- Taking into account non-reversible or discontinuous relations. Some 
relations, for example, are probably different during a decline from 
during a period of uninterrupted growth. 
- Taking into account more complex interrelations. Forrester represents 
all relations as products and/or quotients (and sometime additions and/or 
-
subtractions) of one-dimensional functions. Closer study may reveal that 
certain relations have to be treated essentially as functions of more 
than one variable. 
* Forrester's nomenclature differs from what is usual in control and systems 
science, where a del means that a signal is delayed for a certain time 
but otherwise is +? unc cmged, while the word 2 is reserved for systems des- 
cribed by first or higher order differential or difference equations. 
The latter are occasionally referred to by Forrester as delays. 
4 . 2  Mode l  Studies 
The sensitivity studies show what happens when certain model coefficients 
change. In first approximation it can be said that changes of less than 
20% with respect to the values chosen by Forrester do not modify 
qualitatively the behaviour of the model: resources (naturally) continue 
to decrease, while population, investments and pollution usually pass 
through a maximum between 2000 and 2100. Only the "Material Standard of 
Living (MSL)" behaves more capriciously, sometimes falling sharply from 
1970, sometimes rising, and in the other cases passing through a maximum 
more or less meanderingly. 
In quantitative respect changes may, otherwise, be quite considerable; 
especially the peak value of the degree of pollution (according to 
Forrester's standard calculation already six times as high as the pollution 
of 1970) reacts markedly to modifications that are not great in comparison 
with the uncertainty with which the coefficient involved is known. Thus 
Forrester in essence supposes that the annual investment in means of 
production is approximately 0.05 x population x material standard oF  
living if the latter is between 4 and I ,  the coefficient 0.05 being, in 
principle, constant from 1900 to 2100. However, as he himself has 
already shown, a rise from 0.05 to 0.06 as from 1970 brings about in his 
model over six times as high a pollution peak (i.e. nearly 40 times the 
present level!). From these and other results it appears that the model is 
indeed very sensitive to changes in the sectors capi ta l  and pol lu t ion ,  from 
which it may be deduced that it is probably desirable to construct better 
models for these sectors. 
As expounded in Section 2.1.1, we are of the opinion that Forrester 
presents his world model in a rather complicated way and makes little 
effort to analyse the structure and the characteristics of the system 
as a whole in depth. We hope to be able to demonstrate before long that 
this aspect of system analysis  deserves more attention. 
As shown in Figure I, Forrester's model does not lend itself to 
calculating backwards from 1900: in the summer of 1880 the calculation 
runs aground because the investments in agriculture become negative. 
In the meantime, the model has then shown a kind of inverse population 
explosion, for the number of souls "rises" within 20 years from 1,650 
milljons in 1900 to 3,700 millions (that is more than in 1970!) in 
1880 . We hasten to add that nobody should draw rash conclusions from 
this statement with respect to the validity of the model, however 
tempting it may be! No one model represents reality completely. Reality 
is far too complicated. Any mathematical model gives a part ia l  
descr ip t ion  for a cer ta in  purpose. Astronomers have for a long time and 
very successfully used a totally different model of our world than 
Forrester's model, and astronautic scientists who want to launch an 
earth satellite use still another model, also successfully. Thus it 
must not be expected that a model designed for exploration of the 
future allows of extrapolating towards the past without more ado. The 
results of before 1900 do not prove that those of after 1970 are 
* To reassure insiders: the solid lines in Figure I have been calculated 
by making a normal calculation start in 1881 with as initial values: 
PI - 3.45' + 9, NRI - 9,05' + 11, CII - 7.13' + 7, CIAFI - 1.22' - 2, 
and POL1 - 1 '  - 10 (rounded off values). After 1900 the results coinrtd- 
exactly with Forrester's; as far as we know, it is impossible to 
achieve this when starting from a date before 1880. 
incorrect. Here, too, much depends on the sensitivity of the model. 
However, as long as this has not been investigated further, and 
indeed so long as more attention has not been given to experimental 
verification, some scepsis with regard to all results of Forrester's 
model seem justifiable. 
4 . 3  P o s s i b i Z i t i e s  o f  c o r r e c t i o n  a n d  c r i t e r i a  
As an important problem it has been pointed out (ln Sections 2.2 and 
2.4) that the models do not yet embody realistic correcting variables. 
What is shown is what happens if one of the coefficients changes, for 
example, if the factor of pollution generation is lowered, but even 
the cost of such a change is not accounted for. 
In view of the fact that this is overlooked even by many persons 
of whom more insight might be expected, we repeat here our warning: 
SEI"I7ITIVITY ANALYSES SERVE TO FIND OUT THE INFLUENCE OF THE CHGICE OF 
CERTAIN VALUES OF COEFFICIENTS, FUNCTIONAL RELATIONSHIPS AND I N I T I A L  
VALUES, AND NOT TO STUDY THE EFFECT OF CERTAIN MEASURES. 
Any one who G t s  to pursue that kind of study must first carefully 
search out in what places and how the relevant measures are effective. 
Not until then one can start investigating the effect of measures and 
controls. 
4 . 3 . 2  C r i t e r i a  
The standards that may be applied to judge the desirability of the 
behaviour of the mod?l under the influence of the above measures and 
controls are called c r i t e r i a .  A criterion is in fact a prescription 
according to whic' one can assign a report mark to each and every 
behaviour of the model, Once the prescription has been established, one 
can start looklng for the 'best' measures or the 'best' control 
algorrthm, in which the 'best' is that which produces the highest mark. 
It will be clear that one can arrive at totally different conclusions 
if one starts from different criteria. Therefore, it is of importance 
to find cut what criteria may be considered. New the system scientist 
is not the best qualified man to draw up such criteria, but he can 
render great services to the more specialised men in this field by 
showisg them what the consequences from any choice are. 
The problem is made more complicated by the fact that many 
possibilities of correction so affect the life of the individual 
inhabitant of the earth that they will have to occur somehow in almost 
any imaginable criterion. It is therefore hardly possible to detach 
the defining of correcting variables and that of riteria. 
The importance of proper consultation an crlteria and possibilities 
of action can hardly be overestimated. For both, the model wnrk and 
the philosophy embedding it can form the baris for a highly improved 
development of policies, nationally as well as globally. It can become 
a common discipline of thinking enabling indurtry, statesmen and 
authorities, and governments mutually, to comunicnte more effectively 
with each other. The chance that system scientists find under their 
own power exactly that approach of which thoae who exercise substantial 
influence on the development of society underatand somethlng, and with 
which they can do something, is almost nil. Proper consultation is 
therefore indispensable. 
It should be observed that from the model in itself no one 
conclusion can be drawn about a definite social structure being 
desirable (or, more strongly: "correct") or not. Such a conclusion 
can in essence not be drawn until at least a criterion as well as 
model assumptions regarding the operation (preferable in the form 
of mathematical expressions) of the form of social organisation in 
question have been propounded. These are not present in the model, 
and the fact is that a model can only "pronounce judgment'' on things 
regarding which rules and assumptions have been included in the model. 
4.4 Stabilising and optimising contro 2 
Forrester in his book creates the impression that he thinks exclusively 
in terms of what we call here measures (as from 1970, 75% is economised 
on resources and/or the "normal" birth rate is reduced by 20X, etc.). 
In applyi:~g control, the procedure is essentially different. The magnitude 
of the action taken is then not constant but is related to the extent 
to which the real development deviates from the desired. This has two 
important advantages. 
First, control can ensure that the corrections proceed more gradually 
and the developments in the system more evenly ("smoothly"). This is not 
only important because man can assimilate gradual changes better, but also 
because science and the art of government are then in a better position to 
prevent undesirable developments. Further, from a political point of view 
this might also make the chance of timely introduction of controls somewhat 
greater than of abrupt measures; experience with mechanisms already in 
operation (including inflation corrections in wage agreements and tax 
rates) is, however, not completely reassuring. 
Secondly, the behaviour under control is, generally, less sensitive 
to erroneous initial estimates and unforeseen developments, because the 
real development is always compared with the desired. 
These considerations render control studies indispensable. At the same 
time it is of importance to investigate in what ways one would have to 
control in order that the behaviour of the model develops optimally in 
accordance with different criteria, not because this would yield exact 
prescriptions for society, but because it may lead to valuable insight, 
not in the least into the consequences the various criteria bring about! 
4.5 The Report of the Club of Rome 
The reader may ask himself to what extent the foregoing interfere8 with 
the ideas and conclusions developed in Limits to Growth. 
In the first instance the answer is: "Not at all, for the present 
interim report is wholly based on Forrester's model World2, and the Report 
of the Club of Rome on Meadows' model World3". 
In the second instance, several observations can be transferred to 
World3, although in the form of suppositions still to be verified and with 
the necessary reserve. In World3 several of the improvements mentioned in 
Section 4.1 have apparently been introduced to a greater or lesser degree, 
while there are also indications that more thought has been given in terms 
of control and of allocation of investments. Further, sensitivity 
analyses have been carried out. However, comparatively little attention 
seems to have been given to acquiring insight into the system, to 
defining possibilities of correction and criteria, and to controls. 
With rega~d to this first and simple world model the Club of Rome 
is exclus ive ly  interested in the general forms of behaviour; for 
instance, in the question: does a certain quantity continue to grow, 
or decrease, or does it show a maximum, a minimum, or a fluctuation? 
Our findings with respect to WorM2 leave no room for doubt as to 
the following points: 
1 .  Unlimited growth of the population and prosperity is impossible. 
2. What form of behaviour w i l l  occur is certainly not to be foreseen if 
the various sectors are not studied in mutual interaction and by means of 
a mathematical model. In fact, the studies based on World2 clearly demonstrate 
that the mutual interactions can, in certain circumstances, cause unforeseen 
developments, and that theoccurrenceof surprisingly rapid changes is possible. 
3. In the model studies referred to, such developments, if they occur at 
all, mostly take place between 1980 and 2080. 
4. The inescapable conclusion from the three preceding points is that the 
message of the Club of Rome must be studied seriously and thoroughly. 
The statements mentioned above may not be reversed. For example, from 
the second statement one may not deduce that the form of behaviour should 
be predictable with certainty if one does work with a mathematical model. 
This depends on its reliability. 
Therefore, no unlimited growth, but what behaviour i s  realistic? 
World2 does not: gj.ve sufficient certainty of that, neither does World3 yet, 
probably. It is even not certain if one will ever succeed in constructing 
a sufficiently complete model. But it appears necessary to take existing 
mechanisms of adaptation ("elasticities") better into account, such as the 
effect of recycling and substitution of materials. These might lead to a 
model showing a more even behaviour. However, against this must at once 
be set the fact that WorLd2 and World3 recognise only one population, one 
raw material, and one kind of pollution. and that, for example, the intro- 
ductlon of distinctions between the rich and the poor parts of the world 
may lead to far more alarming results. 
Conclusion: our knowledge is far too slight yet and we have no 
generations of time to live in order to become wiser. It is, therefore, 
necessary to work hard, soberly and objectively on the improvement of models 
and model studies. To attain this end, appropriate international coordination 
and experimental verification are indispensable. 
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WRITIIVCS OF THE PROJECT CROUP 
With a view to making the activities of the work group available to 
outsiders as effectively as possible, a complete list of all notes, 
papers, articles, etc., produced is given below. 
In formal  Aotes  (ALL IN DUTCH) 
In the Global Dynamics project a number of persons and groups are involved 
widely spread geographically. It is frequently desirable to inform a 
number of people about ideas regarding the set-up of a particular study, 
intermediate results, tentative conclusions, hypotheses, comments on a 
publication, conclusions or minutes of discussions and conferences, etc. 
An important role in the realisation of this exchange of information is 
played by the "Informal Notes", which are drawn up and distributed rapidly 
and readily, and to which one can react rapidly and readily by means of 
new I-notes. For the sake of complete reporting, all I-notea are mentioned 
below; a number in brackets denote8 that the note has in the meantime 
been replaced by a newer version, or that it has been withdrawn by the 
author, or that,it is of such a nature as to be irrelevant for an outsider 
without the addition of an extensive explanation. 
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(I2 ) (72-02-12) Rademaker, Van der Grinten 
Proposal for the studies of the World models of the Club of 
Rome/M.I.T. 
------ 
* Identification number in the filing system of the Eindhoven University 
of Technology Measurement and Control Group. 
(I3 ) (72-02-18) Voskamp/Timme~ns 
Research notes regarding the dynamic optimisation of the 
simplified DSM world model. 
(I4 ) (72-02-23) Van der Grinten/De Jong 
World dynamics, a basis for a world policy? 
(I5 ) (72-02-27) Cuypers 
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(I6 ) (72-02-29) Cuypers 
Notes of discussion concerning the simplified DSM model with 
Ir. P.J. de Jong (D.S.M.). 
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Project world dynamics. Minutes dynamic optimisation meeting 
1973-03-01. 
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Alternative description of the system. 
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System equations (analytical approximations). 
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World dynamics. 
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~ademaker's note I13(72-03-13). 
I22 (72-03-13) Rademaker 
Possible subjects of study. 
I23 (72-03-23) Zwietering 
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VerlLication of the DSM model. 
I32 (72-04-10) Rademaker 
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Forrester and Meadows. 
I33 (72-04-10) Cuypers 
The pirtially-linearised World2. 
I34 ( ) Cuypers 
Analysis of World2 by complete linearisation. 
I35 (72-04-10) De Jong (D.S.M.) 
Sensitivity of the World2 model. 
I36 (72-04-12) Cuypers 
Comparison between the NC-model and the DSH-model. 
I37 (72-04-13) De Jong (D.S.M.) 
Response to I30 with reference to the original aims of the DSM 
analog model. 
(138) (72-03-17) V.d. Loeff 
Program and results of digital calculations 
Issued by a working party at Groningen University; address: Ptof.dr. 
Ph.B.Smith, Natuurkundig Laboratorium, Westersingel 34, Groningen. 
I39 (72-04-13) Thissen 
Response to 124. 
Papers, non-periodical r e p o r t s  and o t h e r  publications 
(U1 ) (72-02-12) Rademaker 
World Dynamics Project. 
(U2 ) (72-08-18) Rademaker 
Draft request for partial funding by Z.W.O.' 
(U3 ) (72-03-23) Rademaker 
Request for partial funding by Z.W.O. 
(U4 ) (72-03- 19) Rademaker. 
Information about the Project Group Global Dynamics. 
(U5 ) (72-05-10) Rademaker, Cuypers 
Differences between world models: a world of differences? 
Report on a controversy between refs. 4-6 and ref. 7. 
Notes on procedures and methods o f  uorking 
(WI ) (72-03-10) Rademaker 
Documentation procedure Project Global Dynamics. 
W2 (72-03-10) Rademaker 
Filing procedure Project Global Dynamics. 
W3 (72-03-24) Rademaker 
Documentation procedure Project Global Dynamite. 
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a Netherlands Organisation for the advancement of pure teeeatchr 
Of the  s t a t i s t i c a l  charac te r  of many q u a n t i t i e s  no account has been 
taken. 
Very many d i f f e r e n t  q u a n t i t i e s  have been aggregated i n t o  r e l a t i v e l y  
few s t a t e  v a r i a b l e s  ( t h e r e  i s  one kind of n a t u r a l  resource ,  one kind 
of p o l l u t i o n ,  one kind of c a p i t a l  investment ,  and one b i r t h  r a t e ,  a l l  
f o r  r i c h  and poor count r ies  toge ther ) .  
A l l  fur lct ional  r e l a t i o n s  have been represen ted  e x t r a p o l a t a b l e  and 
r e v e r s i b l e ;  a s  most of them have been borrowed from a  period of growth, 
the  ques t ion  a r i s e s  whether they a l s o  apply i n  the  case  of recess ion  
( h y s t e r e s i s ) .  
A l l  non-linear func t ions  a r e  represen ted  a s  s e c t i o n a l l y - l i n e a r  func t ions .  
The model's behaviour i s  s o  extremely s e n s i t i v e  t o  a  number of these  
func t ions ,  p a r t i c u l a r l y  i n  t h e  s e c t o r s  Natural  Resources, Capi ta l  
Investment and P o l l u t i o n ,  t h a t  widely d i f f e r e n t  r e s u l t s  a r e  obtained i f  
they a r e  replaced by smooth a n a l y t i c a l  func t ions  f i t t e d  a s  wel l  a s  
p o s s i b l e  t o  the p o i n t s  s p e c i f i e d  by F o r r e s t e r .  
Tn a  number of runs,  t h e  input  v a r i a b l e s  of c e r t a i n  func t ions  exceed the  
rrunge over wtiich the  func t ions  a r e  s p e c i f i e d .  DYNAMO then keeps t h e  
.;llu.. of the output  equal t o  t b e  n e a r e s t  end-value of the  func t ion .  This 
has d r a s t i c  e f f e c t s  on the model's r e s u l t s .  I f ,  f o r  example, t h e  
p o l l u t i o n  generaied p e r  head i s  ex t rapola ted  l i n e a r l y  (TOLCM = ZCIR-I f o r  
C I R  . ! )  which according to F o r r e s t e r  may be a  p lausab le  assumption, t h e  
populat ion can no longer recover  a t  a l l  a f t e r  a  p o l l u t i o n  c r i s i s .  
C e r t a i n  dynamic processes  have been g r e a t l y  s i m p l i f i e d ,  probably owing 
t o  the  f e a r  (not  always j u s t i f i a b l e )  t h a t  s imulat ion might o therwise  
become too d i f f i c u l t  o r  impossible. 
No s e n s i t i v i t y  a n a l y s i s  has been appl ied ,  a l though F o r r e s t e r  d i d  p o i n t  o u t  
i t s  importance. 
L i t t l e  e f f o r t  has been made t o  a r r i v e  a t  deeper i n s i g h t  i n t o  the  s t r u c t u r e  
and inner  workings of the  syatem a s  a  whole; the  i n t e r p r e t a t i o n  of the  
r e s u l t s  thus remains too much on the  s u r f a c e .  
No r e a l i s t i c  p o s s i b i l i t i e s  of c o r r e c t i o n  have been introduced ( i . e .  v a r i a b l e s  
wi th  which t h e  behaviour might be c o n t r o l l e d ) .  
I n  c e r t a i n  i n s t a n c e s ,  the  change of a  c o e f f i c i e n t  i s  i n t e r p r e t e d  a s  a  rea l -  
world ac t ion .  For example, the normal r a t e  of n a t u r a l  resource  usage is  
reduced from I t o  & .  from 1970 onwards and tne  model's behaviour is  shown 
to be very " c o u n t e r i n t u i t i v e ' :  !,rhi;.e f a r  l e s s  resources a r e  e x t r a c t e d ,  t h e  
m a t e r i a l  s tandard of l i v i n g  s o a r s  t o  enormous heights!  The explana t ion  is 
t h a t  nowhere t h e  c o s t s  of such a  reduc t ion  i n  resource usage a r e  accounted 
f o r .  Hence the  r e s u l t s  represen t  the  e f f e c t  of a cheap change i n  a  c o e f f i c i e n t  
and should be i n t e r p r e t e d  i n  terms of s e n s i t i v i t y  a n a l y s i s .  TO d i s c u s s  t h e  
behaviour a s  i f  i t  were the  r e s u l t  of a  measure i s  misleading,  f o r  t h e  
r e s u l t s  a r e  c o u n t e r r e a l i s t i c  r a t h e r  than c o u n t e r i n t u i t i v e .  
1 1 .  Hardly any use has been made of control engineering knowledge. The 
prospects of feedback controls have not been investigated, although 
it should be known that 
a. they are almost indispensable if a system is unstable or weakly 
stable; 
b. they lend the whole a behaviour that is less dependent on the 
- imperfectly known - characteristics of the non-regulated system; 
c. they may lead to more gradual corrections and to a smoother behaviour 
of the controlled quantities. This is in itself extremely desirable, if 
only for the reason that science and the art of government are then in 
a better position to prevent undesirable developments, and because man 
assimilates gradual changes better. This is an additional reason why in 
political respect the prospects of feedback controls rather than sudden, 
rigid changes might be greater, which in itself might be a decisive 
argument . 
12. Not only the presence of statistic variations but also the knowledge 
concerning the behaviour and control of systems having a statistical 
character have been ignored. 
13. It has not been investigated where attempts at improving the model's 
behaviour by dynamic optimisation lead to. 
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I V2(1972-12-31) Rademaker, Cuypers 
This  second repor t  of our P r o j e c t  Group i s  arranged d i f f e r e n t l y  from i t s  
predgcessor ,  c h i e f l y  because a l l  kinds of th ings  which i n  t h e  p r e v i o u s , r e p o r t  
( V I )  had t o  be  s e t  f o r t h  f o r  t h e  f i r s t  t ime,  need not be  explained aga in ,  
but a l s o  because we a r e  now concerned wi th  two d i f f e r e n t  world models, t h e  
one of FORRESTER and t h a t  of MEADOWS e t  a l . ,  which a r e  denoted by WORLD2 and 
WORLDS, respec t ive ly .  Moreover, a  s e p a r a t e  s e c t i o n  e n t i t l e d  S m a r y  and 
Supplements t h i s  time seemed l e s s  e s s e n t i a l  i n  view of t h e  na ture  of t h e  
a c t i v i t i e s ,  and t h e  f a c t  t h a t  most readers  w i l l  by now be f a m i l i a r  wi th  
Limits  t o  Growth ( 2 1 ,  ( a t  l e a s t  wi th  Chapters I11 and IV). 
We s h a l l ,  t h e r e f o r e ,  devote t h i s  Pre face  t o  a  number of genera l  s u b j e c t s  
and then,  i n  t h r e e  s e c t i o n s ,  r e p o r t  on t h e  Group's a c t i v i t i e s  ( In t roduc t ion ,  
WorldZ, World3), and, f i n a l l y ,  f u r n i s h  supplementary information i n  t h e  
Appendices on: A. Members of the  Group, B. Lec tures ,  Congresses, e t c . ,  C. 
L i t e r a t u r e ,  and D. Writings of t h e  P r o j e c t  Group. 
F i r s t  some notes  regarding a c t i v i t i e s  and events  elsewhere i n  t h e  world. 
Dutch readers  a r e  r e f e r r e d  f i r s t  of a l l  t o  thg,information contained i n  t h e  
B u l l e t i n s  of t h e  CLUB OF ROME NETHERLmDS ( 3 )  . A s  an a d d i t i o n ,  i t  is 
mentioned h e r e  t h a t  s ince  the  p u b l i c a t i o n  of Limits  t o  Growth, a f lood  of 
responses has come forward, e s p e c i a l l y  i n  t h e  American and B r i t i s h  Press .  The 
Dutch vers ion ,  Rapport van de Club van Rome, has so ld  many more copies  than 
t h e  o r i g i n a l  vers ion ,  and has r a i s e d  a  g r e a t  amount of d i scuss ion ,  which has 
given many people i n  t h i s  country t h e  impression t h a t  t h e  response i n  t h e  
Netherlands i s  f a r  and away g r e a t e r  than anywhere e l s e .  Howevel', i n  f a i r n e s s ,  
an accura te  count would probably revea l  t h a t  Limits  t o  Growth h a s  evoked 
many more responses - i n  t o t a l  a s  wel l  a s  per  copy - than i t s  Dutch 
t r a n s l a t i o n .  Therefore,  i t  is  very  i n s t r u c t i v e  t o  s tudy  t h e  responses i n  
English p u b l i c a t i o n s ,  however one-sided o r  b iased  many of them may be; an 
e x c e l l e n t  summary of the  American responses accompanied by a  f a i r l y  
comprehensive bibl iography has been made up by D r .  S.H.Begeman, S c i e n t i f i c  
Attach6 of the  Netherlands Embassy i n  Washington, D.C.  ( 4 ) .  
Apart from numerous r e a c t i o n s ,  the  Report has  s t imula ted  numerous 
ac t ions :  i n  many p laces  people a r e  d i l i g e n t l y  s tudying and c a l c u l a t i n g .  I n  
f a c t ,  t h a t  was the  i n t e n t i o n  of the  Club of Rome. Therefore,  it i s  
remarkable t h a t  t h e  Club does not  y e t  seem t o  do anything about i n t e r n a t i o n a l  
coord ina t ion  of these spontaneous a c t i v i t i e s ;  a  l i s t  of groups who a r e  
working on t h e  s u b j e c t  - something t h a t  might prevent  much needleae 1 
d u p l i c a t i o n  and might promote va luab le  i n t e r n a t i o n a l  c o n t a c t s  and cooperat ions - 1  
* See l i s t  of publ ica t ions  i n  Appendix D. 
** See Appendix C .  
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i s  the  l e a s t  one might expect of t h e  club*. 
Meanwhile, we owe t o  D r .  ~egemann ' s  e f f o r t s  a  summary of t h e  groups 
who occupy themselves with t h e  problems i n  the  U.S.A. ( 4 ) ,  while  we t r y  
to  form an idea  of the B r i t i s h  a c t i v i t i e s  wi th  the  he lp  of the group of 
Professor  Rosenbrock (Universi ty  of Manchester). I n  t h i s  country t h e  
foundat ion Maatschappij en Onderneming (Society and E n t e r p r i s e ) ,  which 
a l s o  took the  i n i t i a t i v e  i n  forming t h e  work group Toekomst (Future)  ( see  
previous r e p o r t  p. 4 ) ,  has undertaken the func t ion  of n a t i o n a l  " le t t e rbox"  
(Koninginnegracht 98, Den Haag), and t o  c a l l  toge ther  from time t o  time 
those who a r e  a c t i v e  i n  t h i s  f i e l d .  The Foundation i s  a l s o  preparing a  
publ ica t ion  i n  which a  concise summary w i l l  be given of the  a c t i v i t i e s  i n  
process  i n  t h i s  country. The most important new a c t i v i t y  i s  undoubtedly 
the follow-up p r o j e c t  t o  be c a r r i e d  ou t  under the  guidance of Professor  
H. Linnemann and Professor  J .  Tinbergen. Our p r o j e c t  group hopes t o  
provide an e s s e n t i a l  con t r ibu t ion  and i s  prepared t o  adapt  i t s  program 
d r a s t i c a l l y .  The f i r s t  con tac t s  have been made and t h e r e  i s  every reason 
t o  expect  t h a t  a  f r u i t f u l  cooperat ion w i l l  grow between t h e  two groups. 
Our P r o j e c t  Group has,  i n  the  meantime, no t  been i d l e ;  on t h e  
con t ra ry ,  the var ious  a c t i v i t i e s  have gone so  f a s t  t h a t  t h i s  r e p o r t  i s  
published f a r  l a t e r  than intended.  When considering Appendix A (Member8 
# ~ f  t h e  Group) i t  w i l l  appear t h a t  the  composition of the  group has under- 
gone some changes. As our P r o j e c t  Group presen ts  i t s e l f  i n  t h i s  r e p o r t  
exc lus ive ly  as  a team, we w i l l  not  mention names h e r e  but  r e s t r i c t  
ourse lves  to  thanking f o r  t h e i r  con t r ibu t ions  those who have withdrawn, and 
extending a  welcome t o  those who have joined.  I t  i s  wi th  f e e l i n g s  
of deep g r a t e f u l n e s s  :ha: we mention here  t h a t  t h e  Nederlandse Organisa t ie  
voor Zuiver-Wetenschappelijk Onderzoek (Netherlands Organisat ion f o r  the  
advancement of pure res,arch, Z.W.O.), whose i n t e r e s t  i n  Global Dynamics has 
s t imula ted  us from t h e  f i r s t ,  has complied with our  reques t  r e f e r r e d  t o  
e a r l i e r  (VI-p.17), which has enabled t h e  group t o  be s t rengthened by a  
fu l l - t ime  member exac t ly  a t  the moment a t  which he was most needed. This 
gentleman occupies himself p a r t i c u l a r l y  with the  dynamic o p t h i s a t i o n  
s t u d i e s .  
Our P r o j e c t  Group enjoys g r e a t  and s t e a d i l y  increas ing  i n t e r e s t .  The 
number of copies  of the f i r s t  r e p o r t  (1000) appeared t o  be too small ;  a  
second impression has a l ready  been i s sued .  The informative conference on 
The World of F o r r e s t e r  ( see  a l s o  Sec t ion  2.4) drew a packed audience and 
led  t o  sonany e n t h u s i a s t i c  r e a c t i o n s  and reques t s  t o  hold the  conference 
aga in  t h a t  i t  w i l l  be repeated on 5 th  January, 1973. a  d a t e  which o f f e r s  
t eachers  and p u p i l s  of var ious types of secondary schools  the  opportuni ty 
t o  a t t end .  Appendix B ( l ec tures ,  Congresses, e t c . )  t e l l s  of t h e  many o t h e r  
l e c t u r e s  given and of the  v a r i e t y  of t h e  audiences. 
I n  conclusion,  a  few remarks regarding our  most important plan i n  
t h i s  sphere.  As soon a s  t h e  d e f i n i t i v e  t e x t  of the Technical  Report on 
World3 has been published by Meadows e t  a l . ,  we would l i k e  t o  organize 
t h r e e  conferences;  one dea l ing  with t h e  populat ion s e c t o r ,  one with t h e  
-
a g r i c u l t u r a l  s e c t o r ,  and one with the product ion s e c t o r .  On each 
occasion we might g ive  an expos i t ion  about t h e  set-up of t h e  model of 
the r e l e v a n t  s e c t o r  and our  i n s i g h t  i n t o  i t s  behaviour. 
* The n e c e s s i t y  of i n t e r n a t i o n a l  coord ina t ion  - o r  a t  l e a s t :  information - 
a p p l i e s  with g r e a t e r  f o r c e  because i n  f i e l d r  intervoven only p a r t i a l l y  
with  i t  a c t i v i t i e s  a r e  d i sp layed ,  which might lead t o  c h a o t i c  developments 
and even disagreements about competence. 
Then, i n  t h e  a f t e r n o o n  we would l i k e  t o  exchange views w i t h  s p e c i a l i s t s  
i n  t h e  f i e l d  concerned r e g a r d i n g  t h e  model used,  p o s s i b l e  o r  d e s i r e d  
improvements, necessa ry  f u r t h e r  s t u d i e s ,  and so  f o r t h .  Such d i s c u s s i o n s  
would no t  o n l y  t each  t h e  p a r t i c i p a n t s  a  g r e a t  d e a l  i n  a  n u t s h e l l ,  b u t  i t  
i s  a l s o  hoped t h a t  they may l e a d  t o  t h e  fo rmat ion  of one o r  more new p r o j e c t  
groups t o  do t h i n g s  o u t s i d e  our competence, v i z .  go deeper  i n t o  t h e  
m o t i v a t i o n  and t h e  c o n s t r u c t i o n  of t h e  models. 
Exper ience has  t augh t  t h a t  an a t t e m p t  a s  d e s c r i b e d  above w i l l  on ly  have 
a  chance of success  i f  t h e  group concerned i s  n o t  too  l a r g e  and a s  competent 
a s  p o s s i b l e  f o r  t h e  s u b j e c t  i n  q u e s t i o n .  T h i s  i m p l i e s  t h a t  a t t e n d a n c e  t o  
t h e s e  confe rences  w i l l  have t o  be  by i n v i t a t i o n .  Dependent on t h e  r e s u l t s ,  
i t  w i l l  b e  cons ide red  whether  l a r g e - s c a l e  i n f o r m a t i v e  confe rences  w i l l  a l s o  
b e  o rgan ized  concerning blorZd3. I n  any c a s e  we hope t o  be  a b l e  t o  inform 
you about  t h e  r e s u l t s  i n  t h e  nex t  Report  o f  o u r  P r o j e c t  Group Global  Dynamics. 
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REPORT ON THE ACTIVITIES 
I .  INTRODUCTION 
This  second r e p o r t  cove r s  t h e  p e r i o d  from 15 th  A p r i l  1972, when P r o f e s s o r  
Meadows handed t o  us a  p r e l i m i n a r y  v e r s i o n  of t h e  Techn ica l  Report  t o  t h e  
Club of  Rome ( 5 ) ,  up t o  and i n c l u d i n g  3 1 s t  December, 1972. I n  August,  
d c r i n g  a  cour se  i n  System Dynamics a t  Hannover (Germany), we were g iven  a  
copy of a  second and r e v i s e d  concep t  of t h e  Techn ica l  Repor t  ( 6 ) ,  t h e  
o f f i c i a l  p u b l i c a t i o n  of  which i s  expec ted  e a r l y  i n  1973. 
The a c t i v i t i e s  r e p o r t e d  on i n  t h e  p r e s e n t  r e p o r t  r e f e r  on t h e  one hand 
t o  t h e  con t inued  s tudy  of t h e  wor ld  model of  F o r r e s t e r ,  c a l l e d  "WORLD2", and 
on t h e  o t h e r  t o  the  i n c i p i e n t  s t u d y  of t h e  wor ld  models o f  Meadows, which 
a r e  c o l l e c t i v e l y  denoted by t h e  term "WORLD3". 
As r e g a r d s  t h e  development of t he  t echn iques  of  a n a l y s i s  and t h e  acqu i re -  
ment of  i n s i g h t  i n t o  s t r u c t u r e  and behav iour ,  t h e  work on World2 h a s  been 
g iven  a  c o n c l u s i v e  c h a r a c t e r .  The o p t i m i z i n g  s t u d i e s  w i l l  f o r  t h e  t ime b e i n g  
be  con t inued  on t h e  b a s i s  of  a  s i m p l i f i e d  v e r s i o n  of  t h i s  model. 
Work on World3 h a s  been s t a r t e d  u s i n g  s e v e r a l  k i n d s  of approach 
s imul t aneous ly  and t h e  expe r i ence  ga ined  w h i l e  working w i t h  World2 h a s  
a l r e a d y  proven to  be p a r t i c u l a r l y  v a l u a b l e .  T h e r e f o r e  we expec t  t o  round o f f  
t h e  f i r s t  and most important  phase  of  t h e  i n v e s t i g a t i o n  i n  t h e  c o u r s e  of t h e  
f i r s t  h a l f  of 1973. 
For  convenience,  t h e  l i s t  of  a c t i o n  i t ems  i s  g iven  below i n  a  few words 
( f u r t h e r  s e e  V I ,  p.5) :  
1. Ins ight  i n t o  the mode2 and understanding o f  i t s  behaviour. 
2 .  S e n s i t i v i t y  ana2ysis. 
3. Ef f ec t  o f  Dynamic Improvements. 
2. Correcting variables.  
5 .  Ef f ec t  o f  S tab i l i s i ng  Control. 
6 .  Ef f ec t  o f  Optinrising Control. 
7.  Methods and Techniques. 
8. Evaluation and Information. 
E v i d e n t l y ,  a l l  t h e s e  i t ems  were  no t  g iven  equa l  a t t e n t i o n ;  a  coup le  of  i t e m s ,  
n o t a b l y  Nos. 2  and 3 ,  w i l l  no t  be  d i s c u s s e d  a t  a l l  i n  t h i s  i s s u e .  
Important 
When w r i t i n g  t h i s  r e p o r t  i t  h a s  been assumed t h a t  t h e  r e a d e r  h a s  been a b l e  
t o  form a  good p i c t u r e  of  t h e  P r o j e c t  Group and i t s  a c t i v i t i e s  by r e a d i n g  
t h e  f i r s t  r e p o r t  (VI of 1972-04-23). i n  p a r t i c u l a r  a s  r e g a r d s :  
Name of the  P r o j e c t ,  S e c t i o n  1.2 
What went b e f o r e ,  1.1 
o Rese rva t ion  and Doubts,  1 .3  
I n t e n t i o n s  (Program of  A c t i v i t i e s ) ,  1.2 
Organ iza t ion  and Mode of Working, 3  
Accomplished A c t i v i t i e s ,  2  
Marginal  Notes t o  F o r r e s t e r ' s  Model, Appendix 
and remembers, a t  l e a s t  vaguely ,  a few concep t s  and denominat ions ,  a s  
t h e  r e s t r i c t e d  meaning of a  model,  S e c t i o n  4.2 
p o s s i b i l i t i e s  of  c o r r e c t i o n ,  1.2.4,  2.4, 4.3.1 
s t a b i l i s i n g  c o n t r o l ,  1.2.5,  2.5,  4.4 
o p t i m i s i n g  c o n t r o l  and c r i t e r i a  1 .2 .6 ,  2.6,  4.3.2 
The s e c t i o n  numbers i n d i c a t e  i n  which s e c t i o n s  of V I  the  e s s e n t i a l s  a r e  
t o  be found. Fur ther ,  V1 conta ins  the f i r s t  l i s t  of v r i t i n g s  of t h e  P r o j e c t  
Group and o t h e r  publ ica t ions .  
I n  the  Preface of our  previous r e p o r t  we wrote: " I t  i s  a r i s ky  enterpr ise  
to wri te  a report  for such a wide and very d i v e r s i f i e d  c i r c l e  o f  persons 
in terds ted ,  part icularly on the subject  of Global Dynamics. What has too 
l i t t l e  n d t r i t i v e  value for an in s ider  may be a l l  but  i nd iges t ib l e  for someone 
,:lsel'. We a r e  aware t h a t  t h i s  a p p l i e s  equa l ly  t o  t h e  t e x t  below, f o r  example, 
where opt imizing s t u d i e s  o r  computing techniques a r e  d i scussed ,  bu t  we hope 
tha t  the i n s i d e r s  w i l l  ask f o r  f u r t h e r  information ( t h e  accompanying no tes  
a r e  l i s t e d  i n  Appendix D )  and t h a t  t h e  l e s s  conversant readers  a r e  prepared 
to wade through such p a r t s  o r  sk ip  them, backed by the  thought t h a t  we have 
done  our b e s t  to  w r i t e  the t e x t  so t h a t  the  thread can be picked up aga in  a t  
as  marly p o i n t s  a s  p o s s i b l e .  However, c r i t i c i s m s ,  comments and suggest ions f o r  
improvement w i l l  be very thankfu l ly  received.  
2 .  FORRESTEH ' S  i*i'ODEL 
, . 1 I n s i g h t  i i i  t o  t h a  niodt-2 iliid i o ~ i l e r s t a t ~ d i n g  of  i t s  behuu,iour 
-- 
i,s ment ioned i n  the  p rev ious  r e p o r t ,  t h e  s t u d y  of t h e  s t r u c t u r e  of t h e  model 
and t h e  way i n  which the  v a r i o u s  components o p e r a t e  and a f f e c t  each o t h e r  
Leads t o  a  number of i n t e r e s t i n g  f i n d i n g s .  I n  connec t ion  w i t h  t h e  work on 
World3 t h i s  s t u d y  has  been r e s t r i c t e d  mainly  t o  the  behav iour  i n  more c r  
1.css n3rrnal ( s t anda rd - run)  c o n d i t i o n s .  As t h i s  i s  p robab ly  t h e  l a s t  r e p o r t  
j.11 which Idorld2 i s  d i s c u s s e d  i n  some l e n g t h ,  we s h a l l  t r y  t o  summarize t h e  
l : indings ,  i n c l u d i n g  those  t h a t  have been r e p o r t e d  on b e f o r e .  
::. I .  1 .Idtzd-nl_ i _ i z s ~ ~ u ~ ~ r " ~ ~ s  upid Cappi till Irivestmerit Sec tor  
One of t h e  most i n t e r e s t i n g  f i n d i n g s  of t h e  s t u d i e s  i s  t h a t  t h e  n a t u r a l  
r e s o u r c e s  and c a p i t a l  i nves tmen t s  s e c t o r  i s  a lmost  complete ly  independent  o f  
[:he r e s t  of t he  sys tem.  Although i n  t h e  o r i g i n a l  model t h e  p o p u l a t i o n  a c t s  on 
[:hi:; s e c t o r  i n  t h r e e  d i f f e r e n t  ways,  i t  can be  shown t h a t  t h e s e  t h r e e  i n f l u e n c e s  
c o u ~ l t e r b a l a n c e  each o t h e r  a lmost  comple te ly ,  s o  t h a t  the  i n f l u e n c e  of t h e  
p o p u l a t i o n  on t h i s  s e c t o r  v i r t u a l l y  c e a s e s  t o  e x i s t .  C a l c u l a t i o n s  have shown 
t . l ~ a t  w i t 1 1  r e s p e c t  t o  t h i s  s e c t o r  i t  h a r d l y  m a t t e r s  whether  t h e  world p o p u l a t i o n  
i s  i n c r e a s e d  o r  dec reased  by 1000 m i l l i o n  from 1970 onwards. The o n l y  o t h e r  
e x t e r n a l  i n f l u  nce a c t i n g  on t h i s  s e c t o r  i s  t h e  f r a c t i o n  of t h e  c a p i t a l  i n v e s t e ?  r i n  a g r i c u l t u r e  which i s  of l i t t l e  o r  no consequence e i t h e r ,  because  i t  i s  
virtually c o n s t a n t  d u r i n g  t h e  s t a n d a r d  run.  
These o b s e r v a t i o n s  have r ende red  t h e  model of  t h i s  s e c t o r  s o  s imple  and 
c - l ea r    hat i t  has  become e v i d e n t  t h a t  i t  can normal ly  show b u t  one s i n g l e  mode 
of behav iour  v i z .  t h e  q u a n t i t y  of n a t u r a l  r e s o u r c e s  (NR) can o n l y  d e c r e a s e  
c o n t i n u o u s l y  and t h e  c a p i t a l  i nves tmen t s  (CI)  may a t  f i r s t  r i s e  f o r  some 
c o n s i d e r a b l e  t ime,  bu t  i s  bound t o  d e c r e a s e  e v e n t u a l l y  because  t h e  n a t u r a l  
r e s o u r c e s  run o u t  and t h e  model knows of no r e c y c l i n g  o r  s u b s t i t u t i o n .  F u r t h e r  
a n a l y s i s  has  r e v e a l e d  t h a t  t h e  p o s s i b l e  developments  of t h e  model of  t h i s  s e c t o r  
a r e  determined by o n l y  one pa ramete r  (T) which c o n t a i n s ,  among o t h e r  t h i n g s ,  
t h e  i n i t i a l  v a l u e s  of t he  n a t u r a l  r e s o u r c e s  (NRI) and t h e  c a p i t a l  i n v e s t p e n t  (CLI) 
i n  1900; i n  o t h e r  words ,  under  c e r t a i n ,  somewhat s i m p l i f y i n g  c o n d i t i o n s  *, a 
s i n g l e  s e t  of g raphs  i s  c a p a b l e  of  r e p r e s e n t i n g  a l l  p o s s i b l e  developments accor -  
d i n g  to  t h e  model of t h i s  s e c t o r ,  s e e  F i g u r e  I .  I n  t h i s  d iagram,  t ime i s  re-  
p r e s e n t e d  a l o n g  the  a b s c i s s a  ( t h e  u n i t  of  time be ing  t h e  d i s c a r d i n g  p e r i o d  o f  
t h e  means of p roduc t ion  I I C I D N  = 40 y e a r s ) ,  wh i l e  t h e  c a p i t a l  i nves tmen t s  and 
t h e  amount of n a t u r a l  r e s o u r c e s  appea r  a l o n g  t h e  o r d i n a t e ,  t h e  l a t t e r  on a  
n o n - l i n e a r  s c a l e .  h'hat p a r t i c u l a r l y  s t r i k e s  t h e  eye  i s  t h a t  t h e  p e r i o d  i n  which 
t h e  phenomena t a k e  p l a c e  s t r o n g l y  depends on t h e  c h o i c e  of  t h e  i n i t i a l  v a l u e s .  
I f ,  f o r  example,  t h e  i n i t i a l  e s t i m a t i o n  of t h e  c a p i t a l  i nves tmen t s  had been  
twice  a s  l a r g e  and t h a t  of t h e  n a t u r a l  r e s o u r c e s  twice  a s  sma l l  a s  i n  t h e  
s t a n d a r d  run,  t h e  peak of  the  c a p i t a l  i nves tmen t s  would n o t  appea r  u n t i l  after 
2100, i . e .  out ' s ide  t h e  t ime i n t e r v a l  u s u a l l y  cons ide red !  I f ,  however,  t h e  e r r o r s  
i n  t h e  i n i t i a l  e s t i m a t i o n s  had l a i n  i n  r e v e r s e ,  t h e  peak v a l u e  would b e  reached 
a t  a f a r  e a r l i e r  d a t e ,  w h i l e  t h e  developments would have been f a r  more g r a d u a l .  
These r e s u l t s  a r e  p a r t i c u l a r l y  impor t an t  because t h i s  s e c t o r  i s ,  a s  i t  were ,  
t h e  power s t a t i o n  of t h e  whole model (See  2 .1 .3  and 2 .1 .5 ) .  S i n c e  C I  u l t i m a t e l y  
* T h i s  i n f l u e n c e  we c a l l  t h e  A g r i c u l t u r a l  C o r r e c t i o n  F a c t o r  (AC), because  i t  
de te rmines  what p a r t  of t h e  c a p i t a l  i nves tmen t s  remains  f o r  n o n - a g r i c u l t u r a l  
p roduc t ion .  For i n s i d e r s :  AC = ( I  - CIAF)/(I  - CIAFN). 
* * See f u r t h e r  Appendix E. 
Figure 1 
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Characteristic solutions NR and CI sector (see further Appendix E ) .  
approaches zero,  populat ion,  p o l l u t i o n ,  and o t h e r  q u a n t i t i e s  i n  the  model 
a r e  u l t i m a t e l y  bound to  approach r e l a t i v e l y  small va lues ,  i f  not zero, as  
well! 
When considering the  s tatements  above, i t  should be borne i n  mind t h a t  
a s t rong  growth of the product ion c a p i t a l  may bring about reac t ions  i n  the 
p o l l u t i o n  s e c t o r  and the populat ion s e c t o r  t h a t  may i n v a l i d a t e  the c o r r e c t n e s s  
of the assumptions put forward above. As an i l l u s t r a t i o n ,  Figure 2 shows t h e  
r e s u l t  of a  c a l c u l a t i o n  wi th  the  complete model, s t a r t i n g  from a  doubled 
l e v e l  of n a t u r a l  resources i n  1900. I n  t h i s  c a l c u l a t i o n  t h e  enormous p o l l u t i o n  
a f f e c t s  the production of food to such an ex ten t  as  to  requ i re  g r e a t l y  in- 
creased investments i n  a g r i c u l t u r e ;  hence AC i s  no longer  cons tan t  and 
Figure 1 does not  apply. However, whether p o l l u t i o n  r e a l l y  runs out  of hand t o  
such extremely high values o r  not  depends c r i t i c a l l y  on c e r t a i n  d e t a i l s  of 
the model of the p o l l u t i o n  s e c t o r .  
I t  was found poss ib le  to  represen t  the  model, without introducing any a d d i t i o n a l  
assumptions o r  s i m p l i f i c a t i o n s ,  i n  a  way which shows a t  once what modes of 
behaviour the p o l l u t i o n  s e c t o r  may have and how these a r e  def ined  by the  model 's 
assumptions. I n  p a r t i c u l a r ,  i t  has become c l e a r  t h a t  the  r e l a t i o n s h i p s  i n t r o -  
duced by F o r r e s t e r  a c t  i n  such a  way t h a t ,  a t  low investments per  head of the  
populat ion,  the  system recovers  i t s  balance f a i r l y  rap id ly  a t  a  f a i r l y  low 
l e v e l  of p o l l u t i o n  (lower than ten  times the  l e v e l  i n  1970), but t h a t ,  when 
the product ion per  head exceeds a  c e r t a i n  l e v e l ,  the system must, as  i t  were, 
f l i p  over t o  extremely high degrees of po l lu t ion .  Here a p p l i e s  what a p p l i e s  
to  the  n a t u r a l  resources and c a p i t a l  investment s e c t o r ,  v i z .  t h a t  the behaviour 
of the p o l l u t i o n  s e c t o r  l i e s ,  so t o  say,  anchored i n  t h e  model and can be made 
very c l e a r ,  and f u r t h e r  t h a t  i t  is  extremely s e n s i t i v e  t o  t h e  assumptions on 
which t h e  model i s  based. The behaviour i s  p a r t i c u l a r l y  s e n s i t i v e  to the  
r e l a t i o n s h i p  assumed to exist*between the degree of p o l l u t i o n  a t t a i n e d  and the  
n a t u r a l  power of regenera t ion  . I n  the case  of  the  r e l a t i o n s h i p  assumed by 
F o r r e s t e r  any measure t h a t  causes t h e  c a p i t a l  investments t o  outgrow the 
populat ion by more than a  c e r t a i n  amount, cannot but lead t o  an enormous 
p o l l u t i o n  peak; i n  t h i s  connection a  r u l e  of thumb is: a s  soon a s  the  capi tal .  
investment divided by i t s  value i n  1970 exceeds two p l u s  ha l f  the  populat ion 
dens i ty  (with respec t  t o  1970), then p o l l u t i o n  becomes uncont ro l lab le  ( U l l ) .  
2 .1 .3  ? o t : ~ ~ l a t i ( i n  s e c t o r  
The most s u r p r i s i n g  r e s u l t  of our  i n v e s t i g a t i o n  undoubtedly i s  t h a t  a  n a t u r a l  
i n s t a b i l i t y  of the  s i z e  of the populat ion i n  F o r r e s t e r ' s  model i s  ou t  of 
the  ques t ion ,  i n  o t h e r  words: i n  i t  the  populat ion does no t  i n  i t s e l f  have 
the  i n c l i n a t i o n ,  so no tor ious  and much discussed,  t o  grow more o r  l e s s  
exponent ia l ly .  
To avoid, misunderstandings i t  i s  d e s i r a b l e  t o  d i scuss  t h e  concepts 
p o s i t i v e  feedback and negat ive feedback, used so o f t e n  t o  e l u c i d a t e  t h e  
behaviour of world models. B r i e f l y  (and there fore  not  q u i t e  r igorous ly)  
formulated one can say: every pa th ,  every chain of  in f luences ,  along which 
a  s t a t e  v a r i a b l e  promotes ( in f luences  p o s i t i v e l y )  i t s  own speed of growing 
adds a  p o s i t i v e  feedback, and every path along which the v a r i a b l e ' s  own 
growing speed i s  r e s t r a i n e d  ( inf luenced nega t ive ly)  c o n t r i b u t e s  a  negat ive 
* As has been observed before;  s e e ,  f o r  example, re fe rence  4 given i n  V1. 
Figure 2 
Results if initial value of natural resources (NRI) is twice Forrester's: 
a. original pollution model; b. pollution limited to ten times its value 
in 1970 (see also Figure E-3 in Appendix E). 
feedback.  Consequent ly ,  t h e  l a r g e r  a  s t a t e  v a r i a b l e  t h e  more i t  promotes 
i t s  own growth i n  the  c a s e  of p o g i t i v e  f eedback ,  and t h e  more i t  r e s t r a i n s  
i n  t h e  c a s e  of n e g a t i v e  feedback . 
I f  t h e  p o s i t i v e  feedbacks  dominate  t h e  n e g a t i v e ,  t h e  n o t o r i o u s  and 
much-discussed e x p o n e n t i a l  growth may occur .  Thus t h e  growth of t h e  c a p i t a l  
i nves tmen t s  from 1900 to  some c o n s i d e r a b l e  t ime a f t e r  1970 can be  e x p l a i n e d  
from t h e  f a c t  t h a t  t h e  inves tmen t s  s u r p a s s  t h e  d i s c a r d s  f o r  a  long time. 
And t h u s  t h e  s i m i l a r  growth of  t h e  popu ig t ion  i n  t h e  World of F o r r e s t e r  is 
l i k e w i s e  exp la ined  i n  many p u b l i c a t i o n s  . But i s  t h i s  c o r r e c t ?  Does i t  n o t  
t u r n  t h e  r u l e  t h a t  dominat ion of t h e  p o s i t i v e  feedbacks  may c r e a t e  e x p o n e n t i a l  
growth,  i n t o  t h e  p r o p o s i t i o n  t h a t  from t h e  e x p o n e n t i a l  growth of  a  s t a t e  
v a r i a b l e  i t  muscbe concluded t h a t  t h e  p o s i t i v e  f eedbacks  a r e  dominant? 
F u r t h e r  i n v e s t i g a t i o n  h a s  r e v e a l e d  t h a t  t h e  n e g a t i v e  feedbacks  a r e  s t r o n g e r  
than  t.he p o s i t i v e ;  more than t h a t :  t h e  p o p u l a t i o n  a p p e a r s  t o  f o l l o w  t h e  pro- 
d u c t i o n  of goods and s e r v i c e s  w i t h  a  l a g .  Tha t  i t  seems t o  grow more o r  
l e s s  e x p o n e n t i a l l y  a t  f i r s t  i s ,  t h e r e f o r e ,  no t  an  i n h e r e n t  p r o p e r t y  of  t h e  
manner i n  which t h e  p o p u l a t i o n  i n f l u e n c e s  i t s  own growth,  b u t  i s  induced by 
t h e  more o r  l e s s  e x p o n e n t i a l  growth of t h e  c a p i t a l  i nves tmen t s .  To prove t h i s ?  
F i g u r e  3 sliows t h e  r e s u l t  of a  s i m u l a t i o n  i n  which t h e  c a p i t a l  i nves tmen t  (CI)  
h a s  been h e l d  c o n s t a n t  a s  from 1970; i t  i s  s e e n  t h a t  t h e  p o p u l a t i o n  then  no 
l o n g e r  shows any i n c l i n a t i o n  t o  con t inue  growing, b u t  s t a b i l i z e s  i n  a  com- 
p a r a t i ~ v e l y  shorL time. Moreover, p o l l u t i o n  remains  a t  a  low l e v e l .  From t h i s  
i t  can be  c l e a r l y  s e e n  how C I  a c t s  s o  t o  say  a s  t h e  power s t a t i o n  of F o r r e s t e r ' s  
World. It  i s  t h e  growth of c a p i t a l  t h a t  c a u s e s  h e r e  the  growth of p o p u l a t i o n  
and p o l l u t i o n ;  i E  t h i s  c a p i t a l  growth i s  s topped ,  p o p u l a t i o n  and p o l l u t i o n  
come to  a  s t a n d s t i l l .  The p r o p o s i t i o n  of t h e  Club of  Rome t h a t  no r e s u l t  may 
be  expec ted  f r @  a sing1.e measure i n  o n l y  one s e c t o r  does  n o t  app ly  t o  For- 
r e s t e r ' s  World *. F o r  comple teness ,  i t  may be  added t h a t  s t a b i l i z a t i o n  of 
t h e  p o p u l a t i o n  i s  c l l i e f l y  brought  about  by t h e  d e a t h  r a t e  i n c r e a s i n g  r a p i d l y  
a s  t-l:c g i v e n  p r o d ~ ~ c t i o n  h a s  t o  be  a p p o r t i o n e d  among more peop le .  
' 1.4 c u ~ t u r ~ d  Sec- 2: 
L i t L j c  a t t e n t i o n  ha,; been g iven  t o  t h i s  s e c t o r  s o  f a r  because  i t  h a r d l y  
v a r i e s  i n  t h e  s t a n d a r d  run.  
. 1 ;' ~ ~ g - ; ; ~ s . t e m  as u Whole 
Valuable  i n s i g h t  i nco  t h e  main s t r u c t u r e  of  t h e  sys tem a s  a  whole h a s  f u r t h e r  
been g a i n e d  by d e r i v i n g  a  f u l l y  l i n e a r i z e d  model (LINC model,  s e e  V l ,  p. 12)  
s t a r t i n g  from t h e  s i t u a t i o n  i n  1970. T h i s  h a s  n o t  been done f o r  t h e  purpose  
of c a r r y i n g  c u t  c a l c u l a t i o n s  w i t h  i t  - a l t h o u g h  t h i s  s imple  model r e p r e s e n t s ,  
a s  demons t r a t ed  by F i g u r e  4 ,  t h e  s t a n d a r d  behav iour  t o  w i t h i n  t h e  nex t  c e n t u r y  
r e a s o n a b l y  w e l l  - b u t  because  t h i s  t ype  of model l e n d s  i t s e l f  s o  e x c e l l e n t l y  
f o r  drawing c o n c l u s i o n s  w i t h  r e s p e c t  t o  main p o i n t s  and d e t a i l s  of  s t r u c t u r e  
and behav iour .  On t h e  b a s i s  of t h i s  s imple  model a  number of  working hypo theses  
have,  t h e r e f o r e ,  been s e t  up, which have been t e s t e d  by c a l c u l a t i o n s  w i t h  t h e  
o r i g i n a l  model. 
T h i s  s t u d y  confirmed t h a t  o n l y  t h e  c a p i t a l  inves tment  h a s  p o s i t i v e  feed-  
back,  i . e .  t h a t  from 1900 t o  a  c o n s i d e r a b l e  t ime a f t e r  1970 i t  grows more o r  
Less e x p o n e n t i a l l y ,  and t h a t  t h e  p o p u l a t i o n ,  a s  a l s o  a l l  o t h e r  s t a t e  v a r i a b l e s  
have a  n e t  n e g a t i v e  feedback,  i n  o t h e r  words,  t h e y  have no i n h e r e n t  i n c l i n a t i o ~ ?  
* T h i s  can  b e  fo rmula ted  s o  s imply,  because  t h e  s t a t e  v a r i a b l e s  can neve r  be 
n e g a t i v e  and because  t h e i r  e q u i l i b r i u m  v a l u e  is  s m a l l  i f  no t  ze ro .  
+ * F o r r e s t e r  h imseif  h a s  chosen h i s  f o r m u l a t i o n s  w i t h  r e s p e c t  t o  t h i s  s u b j e c t  
f a r  more c a r e f u l l y  than  most commentators.  
*** 
I n  t h i s  re spec^: t h e  model of Meadows e t  a l .  seems t o  r e a c t  d i f f e r e n t l y .  
For  t h e  r e s t  i t  seems s e n s i b l e  t o  assume, f o r  t h e  t ime b e i n g ,  t h a t  ilhe 
p r o p o s i t i o n  r e f e r r e d  t o  does  a p p l y  t o  t h e  rea l  world .  
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to exponential growth ( ~ 9 1 * .  The more or less exponential growth of 
population and pollution from 1900 to after 1970 is, indeed, not brought 
about by an inclination to growth within these sectors themselves, but 
because they are, so to speak, "driven" by the more or less exponentially 
growing production. 
This study, too, leads to the conclusion that the natural resources 
and capital sector form an almost autonomous sub-system; further, that the 
population sector is almost exclusively dependent on capital in- 
vestment, whereas the pollution sector on the one hand and the agricultural 
sector on the other are influenced almost exclueively by investment and 
population. 
Thus it appears that in Forrester's model there is a certain hierarchy 
wnich is clearly recognizable in the block diagram of Figure 5. For 
comple:eness, a few arrows have been drawn in dotted lines to indicate 
influences that may be almost ignored in the rest of this century but which 
in the next century have yet some influence on the model's standard 
benaviour. 
Figure 5 
It is evident that the picture given in Figure 5 is of considerable 
importance, for the purpose of better understanding the model as well as 
for determining the best approach to further study.   or rester's model, 
originally presented as a tangle of influences - see Figure 6 - has now 
been reduced to a system of sectors, neatly ordered, each of which is 
fairly easy to understand, while its interactions with other sectors - if 
existent at all - are better discernable. 
------ 
* See Appendix D. 
Figure 6 
2.1.6 Final Remark 
The studies described above, which were otten restricted to the behaviour 
in situations not deviating too much from the standard situation, would 
properly be supplemented by an investigation into the circumstances under 
which certain details become main points, or, conversely, main points stop 
being main points; in other words, an investigation into the behaviour of 
the model under abnormal circumstances. Such an investigation has been 
dispensed with in the case of World2 because the World3 model has in the 
meantime become available. 
2 . 2  Et'Lgct o f  Optimizing Control 
The Subgroup Dynamic Optimizing has r e s t r i c t e d  i t s e l f  i n  t h i s  per iod  of 
r e p o r t i n g  t o  World2 with a  view t o  f i r s t  ob ta in ing  s u f f i c i e n t  i n s i g h t  
i n t o  the p o s s i b i l i t i e s  and d i f f i c u l t i e s  of opt imizing with t h i s  model. 
2 .2 .1  Mode i!s and Cri ter ia  
Two models have been developed t o  approximate the o r i g i n a l  model, one 
i n  which a l l  coupling func t ions  have been l i n e a r i s e d  (I551 and one with 
non-linear a n a l y t i c a l  coupling func t ions  and an a l g e b r a i c  equat ion f o r  
t h e  p o l l u t i o n  (I28 and 1531, t h i s  i n  connect ion wi th  the  d i f f e r e n t  na ture  
of the  methods t r i e d .  I n  these  models p o s s i b i l i t i e s  o f  correct<o?? have 
been incorporated f o r  inf luencing:  
e p o l l u t i o n  genera t ion ,  
e usage of n a t u r a l  resources ,  
e b i r t h  r a t e  
e c a p i t a l  investment generat ion.  
A t  the same time est imated c o s t s  of these in f luences  hav t  been taka1  
account o f .  That p a r t  of the t o t a l  flow of goods and s e r v i c e s  which i s  n o t  
spent  on the  above in f luences  and which does n o t  h e n e f i t  t h e  agricu1:ural 
sect!,r e i t h e r ,  i s  c a l l e d  "conswnption" f o r  s h o r t  and i s  taken i n t o  a c c o u n ~  
i n  a consumption s tandard  of l i v i n g  (CMSL). This  CMSL, toge ther  wi th  
the de r e e  of p o l l u t i o n  POLR and the  crowding C R ,  forms p a r t  of the  ! dL51Ll7P OF LIFE 41, as  defined by F o r r e s t e r .  A s  a  c r i t e r i o n ,  i . e .  a s  a  
q u a n t i t y  which has t o  be maximized, the  prel iminary choice has f a l l e n  on 
QL m u l t i p l i e d  by the  t o t a l  number of people T (one might say: the  t o t a l  
amoun! of wel.lbeing i n  the World) averaged over a  d e f i n i t e  per iod s t a r t i n g  
i n  1970. I n  most c a l c u l a t i o n s  the per iod  r e f e r r e d  t o  extended t o  2100, 
but  i n  some a s h o r t e r  per iod  was considered.  I n  genera l ,  the average of 
QL.P was increased by the number of people,  the remaining q u a n t i t y  of 
n a t u r a l  resources ,  and t h e  degree of p o l l u t i o n  i.n 2100, each provided with 
a  weight f a c t o r  (Fur ther  see  I 2 8  and 155) .  The c o r r e c t i n g  v a r i a b l e s  a r e  
l i m i t e d ,  on the one hand because none of t h e  ind iv idua l  spendings can be 
nega t ive ,  on the  o t h e r  because the  flow of goods and s e r v i c e s  l e f t  f o r  
consumption cannot be negat ive e i t h e r .  Moreover, a  lower and an upper l i m i t  
had to  be s e t  t o  c a p i t a l  investment genera t ion  (see foot-note  t o  the  next  . 
s e c t i o n ) .  
I n  the c a l c u l a t i o n s  t h a t  were performed i n  the  Twente Univers i ty  of 
Technology experiments were c a r r i e d  ou t  wi th  l i m i t a t i o n s  t o  c e r t a i n  s t a t e  
v a r i a b l e s  (I46 and 152) .  
A 2.2 Methods and Results  
For dynamic op t imiza t ion  var ious  methods can be employed, and a s  each has 
i t s  c h a r a c t e r i s t i c  advantages and drawbacks, i t  i s  a  problem by i t s e l f  t o  
f i n d  the  method most s u i t a b l e  f o r  our  goal .  One of the most obvious methods 
i s  the  Pontryagin Maximum P r i n c i p l e ,  and with i t  t h e  f i r s t  a t t empts  were 
made (13, I 7  and I 2 5 ) ,  without success  however, because n e i t h e r  the  shooting 
method nor  Marquardt 's method produced adequate convergence i n  solving the  
two-point houndary problem. The f i r s t  success fu l  r e s u l t s  were obtained by 
an i t e r a t i v e  method developed by Lekkerkerker and Oerlemans, which, p e r  
cyc le ,  approaches q u a d r a t i c a l l y  the s o l u t i o n  of the  Hamilton-Jacobi equat ion 
( 8 J ,  whi le  c o n s t r a i n t s  on t h e  c o r r e c t i n g  vec tor  a r e  permissible .  
I n  i n t e r p r e t i n g  t h e  r e s u l t s  descr ibed  i n  I68 the  utmost cau t ion  shou1.d 
be used, i n  view of the s i m p l i f i c a t i o n s  i n  the  model, the  n a t u r e  of the 
c r i t e r i o n ,  and t h e  a r b i t r a r i n e s s  wi th  which prov is iona l  c o r r e c t i n g  func t ions  
and c o e f f i c i e n t s  have been es tab l i shed .  They showed t h a t  t h e  a d d i t i o n a l  
spendings t o  f i g h t  p o l l u t i o n  remained n i l  up t o  1995, and then rose  
to  approx. 8% of the t o t a l  world product ion i n  2080. The c a p i t a l  inves t -  
ment genera t ion  was kept  a t  i t s  maximum permissible  value t o  approx. 1985, 
and then brought abrup t ly  to  the  somewhat lower minimum permiss ib le  value . 
F u r t h e r ,  a t  f i r s t  approx. 5% of the  t o t a l  world product ion was spen t  on b i r t h  
c o n t r o l ,  but t h i s  percentage f e l l  r ap id ly  t o  remain cons tan t  from approx. 
1990 to 2060; then i t  approached zero. The r e s u l t s  r e f e r r e d  t o  above made the  
impression t h a t  op t imiza t ion  t r i e d  to  give the  c a p i t a l  investment a  push i n  
favour of the CMSL, and a t  t h e  same time t r i e d  to  put a  s t o p  t o  the  growth 
of the  populat ion a s  soon a s  possible .  It  i s  noteworthy t h a t  a f te rwards  the 
populat ion remained q u i t e  cons tan t  (about 4000 t o  5000 m i l l i o n )  and t h a t  t h e  
s tandard of l i v i n g  a s  defined by F o r r e s t e r  was considerably higher  than i n  
the uncontrol led s i t u a t i o n .  Fur ther  i t  i s  remarkable t h a t  t i l l  a f t e r  2050 
a  l a r g e  proport ion of the product ion (approx. one f i f t h )  was spent  on a more 
economical use of the n a t u r a l  resources.  A l l  i n  a l l ,  t h i s  means t h a t  from 
1970 during many decades a  f a i r l y  l a r g e  proport ion of the world production 
was assigned t o  means of l i m i t i n g  the  consumption of n a t u r a l  resources and 
the  b i r t h  r a t e  and t o  means of production ( t h e  assignment t o  the a g r i c u l t u r a l  
s e c t o r  was f i x e d ) ,  so  t h a t  a t  f i r s t  only approx. h a l f  of i t  remained f o r  the  
r e s t  of the  purposes, f o r  b r e v i t y ' s  sake  but perhaps somewhat mis lead ing ly ,  
c a l l e d  here conswnption. Now i t  i s  the  Consumption MSL t h a t  exerc i sed  i n  
these c a l c u l a t i o n s  t h e  in f luence  on b i r t h  and death r a t e s  assumed by For- 
r e s t e r ,  so t h a t  the  rap id  s t a b i l i z a t i o n  of t h e  populat ion re fe r red  t o  above 
was a l s o  brought about by the  drop i n  t h e  Consumption MSL. I t  i s  s t i l l  a  
sub jec t  of s tudy whether t h e  in f luence  of b i r t h  and death r a t e s  may not  be 
b e t t e r  accounted f o r  i n  some o t h e r  way. 
We suppose t h a t  i t  w i l l  be abundantly obvious t o  every reader  t h a t  a l l  
f i n d i n g s  r e f e r r e d  t o  above a r e  extremely t e n t a t i v e  and t h a t  numerous v e r i -  
f i c a t i o n s  have y e t  to  be c a r r i e d  out .  Even a f te rwards  t h e  g r e a t e s t  p o s s i b l e  
cau t ion  should be used when i n t e r p r e t i n g  r e s u l t s .  I t  i s ,  however, a l s o  
poss ib le  t h a t ,  a s  i n  the case of LIMITS TO GROWH, eventua l ly  some conclusions 
t u r n  out  to  be  so ev iden t  t h a t  v e r i f y i n g  t h e i r  cor rec tness  i s  p o s s i b l e  even 
without  a  model and without opt imizing theory,  which is  perhaps t h e  bes t  r e s u l t  
ever  ob ta inab le  wi th  model s t u d i e s .  
I n  the meantime the  Twente Univers i ty  of Technology has ob ta ined  
r e s u l t s  with a  v a r i a n t  of Dynamic Programming according t o  Bellman developed 
by Larson and Korsak ( 9 ) .  This  is  an i t e r a t i v e  method i n  which only one 
s t a t e  v a r i a b l e  is  optimized per cyc le ,  which saves memory space. Another 
advantage i s  the  ease  with which var ious  coupling func t ions  and c o n s t r a i n t s ,  
a l s o  of the s t a t e  v a r i a b l e s  can be considered 12-46, 1 5 2 1 .  I n  view of t h e  
c a l c u l a t i o n  time required only opt imizing c a l c u l a t i o n s  over t h e  period of  
1970 t o  2020 have been c a r r i e d  o u t  so  f a r .  
At the  Del f t  Univers i ty  of Technology prepara t ions  a r e  being made f o r  
opt imizing wi th  t h e  a i d  of the  hybrid computer. 
At Eindhoven, g rad ien t  methods a r e  being developed. Using a  comparatively 
small program, r e s u l t s  a r e  obtained which agree w e l l  with those according t o  
the  program of Oerlemans e t  a l . ,  but  convergence proceeds somewhat slowly 
y e t  ( c h i e f l y  owing t o  the  bang-bang behaviour of the  investment genera t ion  
r e f e r r e d  t o  above) ( 1 8 5 ) .  
* This  c o r r e c t i n g  v a r i a b l e  occurs  l i n e a r l y  i n  the  Hamiltonian, which g ives  
r i s e  to  a  bang-bang s o l u t i o n ;  two a d d i t i o n a l  switching moments appeared t o  
happen, r e t u r n i n g  t h e  investment genera t ion  t o  i t s  upper l i m i t  from 2060 
t o  2075 but  t h i s  is  probably not  re levan t .  
Now that the exploration period has passed by, first of all attempts 
are being made to reduce the various activities to the same denominator: 
same model, same criterion, same correcting variables and functions, 
same constraints, etc., but without restricting the number of methods 
for dynamic optimization. Particular attention is given to the mathematical 
aspects of those methods. This not only refers to improvement of the 
methods currently used, but also to development of new methods. Further. 
cooperation in one group of specialists who have experience with several 
methods, and the parallel application of these methods to one and the 
same problem is found to be exceedingly instructive. 
Simultaneously with the foregoing an extensive investigation will 
be made into the way in which and the measure of which the results depend 
on the many assumptions, functions, and coefficients that have been 
introduced, viz.: 
b the weighting factors which are attached to the final values of 
population, natural resources and pollution in 2100, 
the weighting factors occurring in the correction functions. 
b the. constraints, 
b the coefficients in the definition of QL (Quality of Life), and 
eventually probably also: 
a the influence of other criteria and other models. 
Two important problems to which continual attention is being devoted 
are the identification and definition of correcting variables (both as 
regards their effect, and their cost and'possible other ancillary effects), 
and the formulation of various alternative c r i t e r i a  on the basis of 
which possible developments may be evaluated. 
2 .  Methods a d  techniques 
The following is to supplement what has been said about methods and 
techniques above. 
For use on a terminal (time-sharing system) Algol programs have been 
developed which on the one hand considerably shorren the computing time 
and on the other open the possibility, after completion of the calculation, 
of having the curves drawn differently as long as the diagrams are not 
as desired. A calculation with 4orld2 of 1000 time steps now takes about 
150-200 seconds of the computer , but as this has to serve more clients, 
the minimum waiting time for each calculation is about ten minutes. This 
programmature is described in detail in 116; an improved version is 
reported in U7. 
The responses to the inquiry by circular letter ( I 3 2 1  concerning the 
calculating procedure DYNAMO and the errors in the 1970 values of 
numerous variables in Forrester's standard run (see also V1, p. lo), as 
also a few responses to a couple of questions that occurred to us when 
perusing Forrester's book ( 1 2 4 )  have been summarized in an Informal Note 
(13111, by which it is hoped a certain amount of confusion and uncertainty 
has been disposed of and some interesting marginal notes to Forrester's 
book have been committed to paper. 
* This is a Philips P9200 system, consisting essentially of two small 
Honeywell process-control computers, which in view of their short word 
length (16 bits) are programmed in multiple word length which, of course, 
takes more time than on a full-fledged computer. 
2.4 - Evaluation and I n f o n a t i o n  
An apprec iab le  proport ion of the eva lua t ion  of F o r r e s t e r ' s  model sketched 
i n  Sect ion 2.1 has not  been reported on i n  w r i t i n g  y e t ;  the re fore  a  
s e p a r a t e  p u b l i c a t i o n  devoted t o  t h i s  sub jec t  i s  being prepared,  while  
s e v e r a l  p u b l i c a t i o n s  on ind iv idua l  s u b j e c t s  a r e  being considered.  
Meanwhile, many of the f ind ings  have been incorporated i n  the l e c t u r e s  
held on t h e  sub jec t  i n  a  g rea t  v a r i e t y  of p laces  (See Appendix B ) .  I n  
t h i s  connection the Day of Information concerning The World of  F o r r e s t e r  
held on June 23, 1972, a s  p a r t  of t h e  Measurement and Control  Seminar of 
the E.U.T. deserves e s p e c i a l  mention. Over 200 v i s i t o r s  a t tended.  The 
morning was passed by presen t ing  the model . in  the manner of F o r r e s t e r ,  
and t h e  af ternoon by f u r t h e r  analysing the var ious  s e c t o r s .  I n  response 
to many reques t s  t h i s  Information w i l l  be given once more, v i z .  on 
January 5 t h ,  1973. A f t e r  t h a t ,  our  i n t e n t i o n  i s  t o  d i r e c t  a t t e n t i o n  
exc lus ive ly  to newer world models, such a s  World3, as  soon a s  they have 
been published o f f i c i a l l y .  
3. THE MODEL OF MEADOWS (WORLDS) 
3.1 Comparison o f  World3 w i t h  World2 
Two provis iona l  vers ions  of World3 a r e  a t  p resen t  knovn t o  us ;  they 
d i f f e r  from each o t h e r  i n  a  number of r e s p e c t s  (174)  and show marked 
dev ia t ions  from the  model of which LIMITS TO GROWTH (pp.  102-103) 
shows the  flow diagram ( 1 4 0 ) .  The f i n a l  r e p o r t  on World3 w i l l  probably 
be publ ished e a r l y  i n  1973. As f a r  a s  can be e s t a b l i s h e d  a t  p r e s e n t ,  
the most outs tanding d i f f e r e n c e s  from and po in t s  of s i m i l a r i t y  t o  
F o r r e s t e r ' s  World2 a r e  the fol lowing.  
3 .1 .  2 S t a t e  Variables  
The f r a c t i o n  of the c a p i t a l  invested i n  a g r i c u l t u r e  (CIAF) no longer 
occurs a s  a  s t a t e  v a r i a b l e ;  i n s t e a d ,  four  new a g r i c u l t u r a l  s t a t e  
v a r i a b l e s  have been introduced which a r e  connected with the  a v a i l a b l e  
land and with the f e r t i l i t y  of the land. I n  the  c a p i t a l  s e c t o r  the  
se rv ice  c a p i t a l  has been introduced a s  a  new s t a t e  v a r i a b l e  i n  
add i t ion  t o  the  i n d u s t r i a l  c a p i t a l .  The n a t u r a l  resources  s e c t o r  has 
not been changed e s s e n t i a l l y .  I n  one of the vers ions  of World3 the  
populat ion has been s p l i t  i n t o  age groups (approximately i n  conformity 
wi th  the sketch i n  Limi t s  to Growth, while i n  the o t h e r  vers ion  no 
d i s t i n c t i o n  i s  made t o  age. F i n a l l y  f i f t e e n  s t a t e  v a r i a b l e s  have been 
incorporated i n  the form of l ags  i n  c e r t a i n  i n t e r r e l a t i o n s  ( see  below). 
This has caused the t o t a l  number of s t a t e  variabAes t o  increase  from 5 
i n  World2 t o  9+15 i n  the Apr i l  ve rs ion  of World3 . 
S. I .  2 i ~ o ~ ~ ~ e n e w a b l e  N a t u ~ n l  t7esources and Capi ta l  S e c t o r  
The nonrenewable n a t ~ ~ r a ?  resources s e c t o r  has no t  been e s s e n t i a l l y  
changed, but  p a r t  u f  i.le i n d u s t r i a l  c a p i t a l  has been assigned to  i t  f o r  
exp lora t ion  and e x p l o i t a t i o n .  From t h e  r e s t  of the i n d u s t r i a l  c a p i t a l  
an I n d u s t r i a l  Output 1 0 ,  i . e .  a  flow of i n d u s t r i a l  products ,  i s  der ived 
and a l l o c a t e d  t o  var ious  purposes ( a g r i c u l t u r e ,  consumption, s e r v i c e s ,  
and means of product ion) .  Fur ther ,  a  t e n t a t i v e  n ~ t i e l  f o r  the number of 
a v a i l a b l e  jobs and workers has been introduced.  
3 .2 .3  A : ~ r i c u l t u r a l  Sec tor  
The model f o r  t h i s  s e c t o r  i s  d i f f e r e n t  i n  set-up and f a r  more complicated 
than tha t  of F o r r e s t e r ;  i t  a l s o  shows s t r i k i n g  d i f f e r e n c e s  from t h e  
model i n  Limi t s  t o  Growth. I t  con ta ins  f o u r  s t a t e  v a r i a b l e s :  p o t e n t i a l l y  
a r a b l e  l and ,  a r a b l e  land,  urban and i n d u s t r i a l  l and ,  and land f e r t i l i t y ,  
while t h e  e f f e c t  of c a p i t a l  investments and t h e  r e a c t i o n  t o  the  food 
production per  head a c t  on the  s e c t o r  v i a  l ags .  
3.1.4 Poi l u t i o n  Sec toy  
The model f o r  p e r s i s t e n t  p o l l u t i o n  is  approximately t h e  same a s  t h a t  of 
F o r r e s t e r ,  although a  lag has been introduced which causes the  production 
of p o l l u t i o n  not  to  a f f e c t  the  degree of p o l l u t i o n  u n t i l  a f t e r  a  number 
of years .  I n  a d d i t i o n ,  a  short- term p o l l u t i o n  has been introduced which 
a f f e c t s  t h e  a g r i c u l t u r a l  product ion a s  a  d i r e c t  r e s u l t  of the i n d u s t r i a l  
production. 
* I n  t h e  Ju ly  vers ion  t h i s  number i s ,  of course ,  d i f f e r e n t  again.  
3.1 .5  Popu Lation Sector 
B i r t h  r a t e  and d e a t h  r a t e  a r e  e s t a b l i s h e d  i n  t o t a l l y  d i f f e r e n t  ways,  
a s  compared t o  F o r r e s t e r ' s  model,  and l i f e  expec tancy  and f e r t i l i t y  
p l ay  an impor t an t  p a r t .  Some i n f l u e n c e s  from t h e  c a p i t a l  s e c t o r  a c t  
v i a  l a g s .  
3.1 .6  Fina L Remark 
Although Meadow's model i s  more compl i ca t ed  than  F o r r e s t e r ' s ,  i t  shows 
many s t r i k i n g  p o i n t s  of s i m i l a r i t y  a s  t o  s t r u c t u r e  and behav iour ,  a s  
w i l l  appea r  from t h e  nex t  s e c t i o n .  
5 . 2  Ins ight  i n t o  the model and understanding of i t s  behaviour 
The more compl icated c h a r a c t e r  of World3 makes i t  s t i l l  more impor t an t  
t o  s e e  t h e  model a s  a  s t r u c t u r e  of s e c t o r s ,  and t o  unde r s t and  the  
behav iour  of  t h e  s e c t o r s  i n d i v i d u a l l y  and t h e  e f f e c t  of  t h e i r  i n t e r -  
r e l a t i o n s .  To ach ieve  t h i s ,  t he  model has  been approached i n  s e v e r a l  
ways s i m u l t a n e o u s l y ,  t h e  s t u d i e s  Qaving f i r s t  c o n c e n t r a t e d  on t h e  
behav iour  d u r i n g  the  s t a n d a r d  run  . A t  a  l a t e r  s t a g e  i t  w i l l  be 
i n v e s t i g a t e d  t o  what ex tend  s p e c i a l  developments a r e  p o s s i b l e  under  
s p e c i a l  c o n d i t i o n s .  
.i. 2.1 Behaviour o f  the  Quan t i t i e s  
The s t a n d a r d  behav iour  of a l l  q u a n t i t i e s  i n  t h e  p e r i o d  of 1900-2100 i s  
r e p r e s e n t e d  i n  g r a p h i c a l  form 1 5 9 .  The f i g u r e s  t each  u s ,  among o t h e r  
t h i n g s ,  t h a t  t h e  changes i n  t h e  l a b o u r  s e c t o r  causes  t h e  i n d u s t r i a l  
o u t p u t  t o  v a r y  by o n l y  approx. 0 .05  p e r  c e n t ,  t h a t  t h e  i n f l u e n c e  of 
p e r s i s t e n t  p o l l u t i o n  on t h e  l i f e  expectancy l i e s  i n  t h e  same o r d e r  of 
magnitude, t h a t  t h e  shor t - t e rm p o l l u t i o n  does  n o t  a f f e c t  t h e  l and  y i e l d  
p e r c e p t i b i l i t y ,  and t h a t  t h e  inves tmen t  f o r  i n c r e a s i n g  t h e  l and  
f e r t i l i t y  i s  an  a lmos t  f i x e d  d e d u c t i b l e  expense  of t h e  t o t a l  a g r i c u l t u r a l  
i nves tmen t s  ( 1 4 8 1 .  T h i s  causes  a  number of r e l a t i o n s  t o  become, i n  f i r s t  
approx ima t ion ,  i n s i g n i f i c a n t  which s i m p l i f i e s  t h e  p i c t u r e  c o n s i d e r a b l y .  
3.2.2 Main Re Lations between Sectors 
A f u r t h e r  a n a l y s i s  of t h e  s t a n d a r d  behav iour  and of t h e  p a r t  t h e  assumed 
r e l a t i o n s  ( t a b l e  f u n c t i o n s )  p l a y  i n  i t  has  l e d  t o ,  among o t h e r  t h i n g s ,  
t he  f o l l o w i n g  c o n c l u s i o n s  ( F u r t h e r  s e e  t h e  s e c t i o n s  f o l l o w i n g ) :  
The consumption of  nonrenewable r e s o u r c e s  i s  determined a lmos t  
e x c l u s i v e l y  by t h e  i n d u s t r i a l  o u t p u t ;  t h e  s i z e  of t h e  world p o p u l a t i o n  
has  o n l y  a  s l i g h t  i n f l u e n c e .  
r The f r a c t i o n  of t h e  i n d u s t r i a l  o u t p u t  i n v e s t e d  i n  t h e  s e r v i c e  
s e c t o r  depends l a r g e l y  on t h e  q u o t i e n t  of  t h e  o u t p u t s  of t h e s e  two 
s e c t o r s ;  t h e  s i z e  of t h e  world  p o p u l a t i o n  h a s  l i t t l e  i n f l u e n c e  on t h i s ,  
too .  
The g e n e r a t i o n  of  p e r s i s t e n t  p o l l u t i o n  i s  ma in ly  determined by t h e  
i n d u s t r i a l  o u t p u t  and the  a l l o c a t i o n s  t o  a g r i c u l t u r e ;  t h e  number of 
people  producing p o l l u t i o n  and t h e  a r e a  of a r a b l e  l a n d  c o n t r i b u t e  i n  a  
much s m a l l e r  deg ree .  
From t h e s e  and o t h e r  r e s u l t s  of t h e  s t u d y  i n  q u e s t i o n  ( I 6 5 1  t h e  
p r e l i m i n a r y  conc lus ion  may be  drawn t h a t  under  normal c o n d i t i o n s  
* What f o l l o w s  now is  ~ r i m a r i l y  based  on t h e  A p r i l  v e r s i o n  of World3 ( 5 1 ;  
where numer ica l  v a l u e s  a r e  ment ioned t h e s e  need n o t  app ly  t o  t h e  J u l y  
v e r s i o n  ( 6 1 .  
Meadows' model can be represented by the  diagram-in-outline shown i n  
Figure 7. 
5.2.3 Effect of ~ e l a ~ ~ *  
The model con ta ins  a  number of l ags  which can be descr ibed  by a  th i rd -order  
d i f f e r e n c e  equat ion ( 1 0 ) .  I t  appears t h a t  the  s tandard behaviour hardly 
changes when these  l a g s  axe replaced by f i r s t - o r d e r  t r a n s f e r s  ( 1 6 0 ) .  From 
a  mathematical p o i n t  of view, t h i s  means t h a t  the  number of s t a t e  v a r i a b l e s  
can be reduced from 24 t o  16, which i s  of g r e a t  importance t o  severa l  
s t u d i e s .  
The i n d u s t r i a l  ou tpu t  per  head a c t s  on t h e  d e s i r e d  s i z e  of f a m i l i e s  along 
two p a r a l l e l  paths .  The two in f luences  compensate each o t h e r  so  t h a t  during 
----- 
* I n  terms of the jargon used by c o n t r o l  engineers  and most systems s c i e n t i s t s ,  
what a r e  c a l l e d  delays by the M.I.T. group a r e  not  time-delays a t  a l l ,  but  
exc lus ive ly  lags  described by f i r s t -  o r  third-order  d i f f e r e n c e  equat ions.  
t h e  s t a n d a r d  run t h e  d e s i r e d  s i z e  of f a m i l i e s  i s  always  between 2.94 and 
3 .28,  i . e .  t h a t  i t  d e v i a t e s  l e s s  t h a n  5% from t h e  a v e r a g e  v a l u e .  T h i s  
i n f l u e n c e  can t h e r e f o r e  be  r e p l a c e d  by a  c o n s t a n t  w i t h o u t  t h e  b e h a v i o u r  
b e i n g  a f f e c t e d  a p p r e c i a b l y .  S i n c e ,  a s  s t a t e d  above ,  t h e  d e g r e e  of p o l l u t i o n  
does  no t  e x e r c i s e  much i n f l u e n c e  e i t h e r ,  t h e  p o p u l a t i o n  s e c t o r  a p p e a r s  
t o  b e  a f f e c t e d  v i r t u a l l y  o n l y  by t h e  p r o d u c t i o n  of food and s e r v i c e s  p e r  
head. 
Another  i n t e r e s t i n g  p o i n t  i s  t h e  behav iou r  of t h e  t o t a l  f e r t i l i t y .  
I f  t h e  v a l u e s  of t h i s  v a r i a b l e  a r e  no t  t o o  h i g h ,  i t  i s  de t e rmined  by t h e  
sum o f  two terms:  
a t h e  d e s i r e d  t o t a l  f e r t i l i t y  m u l t i p l i e d  by t h e  b i r t h  c o n t r o l  e f f e c t i v e -  
n e s s ,  and 
a t h e  maximum b i o l o g i c a l  f e r t i l i t y  m u l t i p l i e d  by ( 1  - b i r t h  c o n t r o l  
e f f e c t i v e n e s s ) .  
Up t o  2050 t h e  l a t t e r  c o n t r i b u t i o n  i s  between 0.94 and 1 . 1 7 ;  so  i t  does  
n o t  change much. I f  we s u b s t i t u t e  a  c o n s t a n t  v a l u e  f o r  t h i s  c o n t r i b u t i o n ,  
t h e  s t a n d a r d  behav iou r  i n  t h e  p e r i o d  ment ioned i s ,  t h e r e f o r e ,  n o t  i n f l u e n c e d  
a p p r e c i a b l y .  F u r t h e r ,  t h e  model s e t s  a  b i o l o g i c a l  uppe r  l i m i t  t o  t h e  t o t a l  
f e r t i l i t y ,  which i s  r eached  i n  2070 ( 1 5 7 ) .  
World3 l e n d s  i t s e l f  b e t t e r  t o  add ing  c o r r e c t i n g  v a r i a b l e s  ( " in s t rumen t s  of 
economic p o l i c y "  and t h e  l i k e )  t han  i t s  p r e d e c e s s o r .  As e x p l a i n e d  i n  t h e  
p r e v i o u s  r e p o r t ,  we c o n s i d e r  t h e  i d e n t i f i c a t i o n  and i n t r o d u c t i o n  of such 
v a r i a b l e s  a s  a n  impor t an t  b u t  d i f f i c u l t  t a s k .  Re levan t  p o s s i b i l i t i e s  i n -  
c lude :  
a more economical  e x p l o i t a t i o n  o f  nonrenewable r e s o u r c e s ,  
a r e d u c t i o n  of t h e  consumpt ion of nonrenewable r e s o u r c e s  by r e c y c l i n g ,  
l e n g t h e n i n g  of t h e  l i f e t i m e  of t h e  p r o d u c t s ,  and t h e  r e s t r i c t i o n  of 
consump t i o n ,  
a more e f f e c t i v e  food p r o d u c t i o n ,  e s p e c i a l l y  t h rough  r e s t r i c t i o n  of t h e  
l o s s e s ,  b e f o r e  and d u r i n g  a s  w e l l  a s  a f t e r  h a r v e s t i n g ,  
a r e s t r i c t i o n  of i n d u s t r i a l  p o l l u t i o n  p r o d u c t i o n ,  
a r e s t r a i n i n g  t h e  growth of t h e  p o p u l a t i o n  by r educ ing  t h e  d e s i r e d  completed  
f a m i l y  s i z e  and promot ing b i r t h  c o n t r o l .  
The a c t i v i t y  i n  t h i s  f i e l d  i s  s t i l l  i n  a n  e x p l o r a t o r y  s t a g e  ( 1 7 3 ,  1 7 6 ) .  
3 . 4  Kff'ect o f  S tab i l i z i ng  Control 
The e f f e c t  of a d d i n g  s t a b i l i z i n g  c o n t r o l s  has  b r c n  i n v e s t i g a t e d  a t  D.S.M. 
i n  t h e  manner i n  which t h i s  has  been  done e a r l i e r  f o r  World2. Comparison 
of t h e  r e s u l t s  r e v e a l s  t h e  f o l l o w i n g  ( 1 6 2 ,  1 7 8 ) :  
a Although,  owing t o  t h e  more complex dynamics,  t h e  s t a b i l i z i n g  f eedback  
l o o p s  might  soone r  become c r i t i c a l ,  t h e r e  i s  no tendency t o  i n s t a b i i i t y .  
a The s u p p r e s s i o n  of p o l l u t i o n  owing t o  moderation of  i n v e s t m e n t s  seems t o  
b e  a s  e f f e c t i v e  a s  i n  World2, d e s p i t e  t h e  f a c t  t h a t  a  l a g  o c c u r s  be tween 
i n d u s t r i a l  o u t p u t  and p o l l u t i o n  caused  by i t .  
a The q u a n t i t y  of nonrenewable r e s o u r c e s  i s  e a s i e r  t o  " s t a b i l i z e "  i n  World3 
t h a n  i n  World2. 
a As r e g a r d s  t h e  growth of t h e  p o p u l a t i o n ,  t h e  s t a n d a r d  b e h a v i o u r  of World3 
c o n t r a s t s  r a t h e r  un favourab ly  (peak v a l u e  abou t  tw ice  a s  h igh : )  w i t h  t h a t  
of World2. T h e r e f o r e ,  t h e  p o p u l a t i o n  i n  World3 i s  more d i f f i c u l t  t o  
s t a b i l i z e .  Reasonable  r e s u l t s  w i l l  o n l y  be  o b t a i n e d  i f  a c t i o n  i s  t a k e n  
w i t h i n  t h e  p o p u l a t i o n  s e c t o r  i t s e l f .  
For  s a f e t y ' s  sake i t  must be empha t i ca l ly  p o i n t e d  o u t  t h a t  t h e  
r e s u l t s  of t h e s e  c o n t r o l  s t u d i e s  r e q u i r e  v e r y  c a r e f u l  i n t e r p r e t a t i o n ,  
n o t  on ly  because t h e  proper  c o r r e c t i n g  v a r i a b l e s  have perhaps  n o t  been 
used y e t ,  b u t  e s p e c i a l l y  because t h e  r e a l  world  i s  probably f a r  more 
poor ly  c o n t r o l l a b l e  than  World3. 
2 . 5  Methods and t e c h ~ i a u e s  
Supplementing what has  been s a i d  i n  t h e  fo rego ing ,  e.g.  i n  S e c t i o n  2 .3 ,  
on methods and t echn iques ,  i t  can be added t h a t  b o t h  v e r s i o n s  of World3 
have now been implemented on t h e  P9200 t ime-shar ing system of t h e  E.U.T. 
For  t h e  purpose of c a r r y i n g  o u t  b u l k  c a l c u l a t i o n s ,  t h e  J u l y  v e r s i o n  ( 6 )  
has  a l s o  been programmed f o r  t h e  main computer EL X 8 .  
I n  a d d i t i o n ,  a  hybr id  s i m u l a t i o n  i s  be ing  c a r r i e d  o u t  i n  which an  
ana lcg  computer and a  sma l l  d i g i t a l  computer a r e  coupled t o g e t h e r  ( s e e  
a l s o  V l , p .  16) .The g r e a t  advantage of t h i s  combinat ion is  t h a t  t h e  
c a l c u l a t i o n  time i s  n e g l i g i b l e ,  and t h a t  one can  s e e  a lmos t  a t  once how 
a  change i n  t h e  model a f f e c t s  t h e  behav iour  of 1900 t o  2100 ( o r  any o t h e r  
p o i n t  of t i m e ) ,  which p rov ides  much more r a p i d l y  a  much b e t t e r  i n s i g h t  
i n t o  t h e  system. 
2.6  Evaluation and Information 
As appear s  from t h e  above, World3 i s  b e i n g  i n v e s t i g a t e d  i n  d i f f e r e n t  ways 
s imul t aneous ly ;  a  f a i r l y  l a r g e  p r o p o r t i o n  of t h e  f i n d i n g s  has  a l r e a d y  
been p r o v i s i o n a l l y  l a i d  down i n  I -notes  ( s e e  l ist  a t  t h e  end of t h i s  
r e p o r t ) .  As r ega rds  t h e  In fo rmat ion  Days, e t c . ,  we have i n t e n t i o n a l l y  
r e s t r i c t e d  those  t o  t h e  model of F o r r e s t e r ,  because we d i d  n o t  t h i n k  
i t  proper  t o  d i s c l o s e  on a  l a r g e  s c a l e  our  f i n d i n g s  concerning t h e  model 
of Meadows b e f o r e  h i s  p u b l i s h i n g  i t  himself  i n  book-form. There fo re ,  i t  
i s  i n  f a c t  i n  t h e  p r e s e n t  r e p o r t  t h a t  we go i n t o  h i s  model f o r  t h e  f i r s t  
t ime,  i n  t h e  hope t h a t  h i s  book w i l l  have been pub l i shed  by t h e  t ime t h i s  
r e p o r t  r eaches  you. 
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GLOBALE 
E. FURTHER EXPLANATION OF FIGURE 1 
Qucrzti ties and Scales 
Forrester assumes that the effectivity of the capital investment (CI) decreases 
as the supply of natural resources (NR) becomes smaller and takes account of 
this by multiplying CI by a factor NREM, which depends on NR divided by the 
initial supply NRI as follows : 
Figure E-1 
Using this graph, NREM can, conversely, be taken as a measure of NR, and this 
possibility has been used in constructing Figure 1 by defining the quantity N 
as follows: 
N = -  'IGN . NREM, 
CIDN 
where CIGN represents the coefficient for the annual investments and CIDN those 
for the discards. Hence, the following graph applies to N: 








In the standard run CIGNICIDN = 2, and the corresponding scale for NR/NRI 
has been drawn additionally in Figure 1 at the right-hand side. This scale 
is subdivided linearly from 0 to 114 and from 314 to I, and, with a different 
scale value, from 114 to 314. 
Quantity C in Figure 1 is the capital investment,CI divided by its initial 
value CII (in 1900:400 million units, according to Forrester): 
c = CIICII. 
----- 
* Further see Chapter 3 of Forrester's book 11) .  
In t roduc t ion  of the  above N and C a s  measures of the n a t u r a l  resources 
and the  c a p i t a l  investments ,  r e s p e c t i v e l y ,  enables  t h e  equa t ions ,  under 
c e r t a i n  s impl i fy ing  condi t ions  ( see  below), t o  be so  transformed t h a t  
only one s i n g l e  parameter (T) remains, provided the  time s c a l e  i s  
chosen jud ic ious ly .  
Therefore,  along the a b s c i s s a  t h e  wri t ing-off  per iod  I / C I D N  ( i n  
F o r r e s t e r ' s  case  40 years )  was chosen a s  un i ty .  I n  the  s tandard c a l c u l a t i o n s  
the time s c a l e  i s  from 1900 t o  2100, but  t h a t  is  not e s s e n t i a l ,  f o r  whether 
the d a t e  i s  high o r  low plays i n  i t s e l f  no p a r t  a t  a l l ;  what only counts i s  
the time t h a t  has elapsed s ince  " the s t a r t " .  
The p r i n c i p a l  parameter T of the  curves i s  given by: 
NRI C I D N  T = - . -  
C I I  a ' 
where 
i . e .  the  s lope  of the  graph of Figure E-I. 
?he heavy s o l i d  curves correspond wi th  the  s tandard run r = r , the o t h e r  
ones wi th  s i t u a t i o n s  i n  which NRI.CIDN/CII i s  g r e a t e r  o r  smalfer  by a  
f a c t o r  2 o r  4. 
A s  s t a t e d  i n  t h e  main t e x t ,  Figure 1 a p p l i e s  only under c e r t a i n  condit ions.  
The most important i s  t h a t  the  A g r i c u l t u r a l  Correct ion Factor  AC must be 
Constant and equal  t o  I ;  f u r t h e r ,  the m a t e r i a l  s tandard of l i v i n g  MSL 
should no t  become much g r e a t e r  o r  smal le r  than I .  I n  the  s tandard  run, from 
1900 t o  1970 AC i s  somewhat g r e a t e r  than 1 .  whi le  MSL j u s t  l i e s  between 114 
and 314 f o r  some time, which favours  a  somewhat more rap id  growth of C and 
a  somewhat more rap id  f a l l  of N than shown i n  Figure 1 .  I f ,  when 
c a l c u l a t i n g  t h i s  f i g u r e  one s t a r t e d  from the  condi t ions  i n  1970, t h e  
correspondence would be b e t t e r ,  but  s i n c e  we a r e  only i n t e r e s t e d  i n  t h e  
p r r n c i p a l  a s p e c t s  of the  behaviour of t h i s  s e c t o r ,  t h i s  was no t  done. I t  
i s  more important t o  point  ou t  t h a t  the  f i g u r e  does n o t  apply i n  s i t u a t i o n s  
i n  which the p o l l u t i o n  t u n s  away' t o  h igh  va lues ,  and t h i s  f o r  two reasons: 
( I )  t h e  model c a l c u l a t i o n s  then show such a wholesale number of deaths 
t h a t  the  s tandard of l i v i n g  runs high ( i t  i s ,  indeed, def ined by t h e  
investments per  head) ,  and (2) according t o  the  model, the  high degree of 
p o l l u t i o n  impairs t h e  ~ r o d u c t i o n  of food t o  such an e x t e n t  a s  t o  r e c r u i t  
g r e a t  a d d i t i o n a l  c a p i t a l  investments i n  the  a g r i c u l t u r a l  s e c t o r ;  i n  
o ther  words, AC then f a l l s  d r a s t i c a l l y .  This  c r e a t e s  the process  a s  
i n d i c a t e d  by the  dot-and-dash l i n e s  i n  Figure 2; t h e  accompanying response 
of populat ion and p o l l u t i o n  i s  represented i n  Figure E-3. The s o l i d  l i n e s  
show what happens, according t o  the  model, l f  one does no t  a l low t h e  
degree of p o l l u t i o n  t o  r i s e  h igher  than 10 t imer,  5 t imes, and once the  
Level i n  1970, r e s p e c t i v e l y ,  o r  i f  the  degree of p o l l u t i o n  i s  kep t  
c o n s t a n t l y  a t  zero.  I n  Figure 2 t h e  r e s u l t e  then d iverge  too l i t t l e  t o  
produce d i f f e r e n t  curves,  but  Figure E-3 &es c l e a r  t h a t  t h e  popula t ion  
i s ,  indeed, s e n s i t i v e  to  the  l i m i t  t o  which the  degree of p o l l u t i o n  
r i s e s .  I f  no l i m i t  i s  s e t ,  then t h e  degree of  p o l l u t i o n  ' runs away', aa i t  
were, t o  very high values and the  wholesale decrease i n  popula t ion  occurs  
(dot-and-dash l i n e s )  which causes the m a t e r i a l  s tandard of l i v i n g  t o  r i s e  
1900 1940 1980 2020 2060 2 100 
Supplement to Figure 2 (italics specify the upper limit of POLR). 
high (up to over s i x  times that of 197011). However, we are dealing 
here with a s i tuat ion  about which science i s  groping u t t e r l y  i n  the 
dark, while the 'running away' or not of  the pol lut ion  is  i n  most 
respects  extremely dependent on the assumptions made 1011). 
MODELLING WOW: OF F SYSm-lS AN.4LYSIS SESuRCH UNIT I N  DFPARTbENT OF 
THE ENVIXOitilENT, UNITED -mN(;DCM 
- 
Philosop& 
The modeller should, as f a r  aa possible,  observe the  behaviour of the system 
i n  a detached, objective way. H i s  a t t i t u d e  should be tha t  of a physiciet  
endeavouring t o  explain the  behaviour of an assembly of un i t s ,  l i k e  a gas, 
i n  terms of the  properties and in te rac t ions  of the  elements of the  assembly - 
i n  this cnse the  molecules. Similarljr, the  ecologis t  may explain the observe6 
changes f n  an ecological system by modelling the properties and in teract ions  
of the species  of plants and animals comprising the  system. Econosic models 
are constructdd similarly.  
This implies t h a t ,  f o r  global o r  regional modell-ing, i t  is neoessary, i n  the  
descr ipt ion of the  elements, t o  mo2el the  decision inaken, jus t  as closely  as 
the  physical world i n  which they ex i s t .  The concnpt of control i s  reserved u n t i l  
there  i e  s u f f i c i e n t  undergtanding of the  system t a  rez i i se .  a t  what points u d  
i n  what way, the  tradectoxy of the system can be inflcenced. 
Tk~ls, the model should have high explanatozy power: should be a b l e  t o  r e p r i ~ l . ~ c s  
tirue s e r i e s  a7d t o  pe r fom towards dieturbances i n  en t i re ly  c red ib le  ways before 
it can be 3 baais  f 3 r  contemplating control  action. 
E i ~ , a e n t s  of the  model 
-. 
J u s t  a3 t h o  behaviour of an ecological system can be traced back to  the  
individual p laxts  and animals: ao the behaviour of human soc ie ty  can be t race? 
back t o  the role3 which pecple play i n  t h a t  society.  1 
The r o l e  of the in&ivi81ual as cansumer bas been d.escribed very % e l l  by econo&.sts! 
i n  t e r m  of maximising u t i l i t y .  I f  we assume t h a t  f o r  each gacd there  i a  a 
corresponding u t i l i t y  and t h a t  th8 functione.1 re la t ionsh ip  between u t i l i t y  ard 
the  quantity of the  good is  monotonic, then maximumutility i s  c b t d n e d  rhen 
the consumer apportions his expenditure so  a3 t o  make the marginal u t i l i t i e s  
equal. By observation of the expenditure pat terns  of consumers w e r  a very ;i(;e 
range of incomes, we are  able  t o  deduce the  form of the  u t i l i t y  functions nhicl; 
describe the behaviour of individuals  considered i n  aggregate. To use t h i s  
descr ipt ion,  we have t o  assume t h a t  as a tranche of people i n  one income bard 
moves i n t o  a higher income band, the  new pa t t en l  of expenditure w i l l  be appropriatu 
t o  the higher income, i.e. what the  r i c h  do today the  poor w i l l  do tomorrow 
when they have become richer.  Re have found t h a t  to lerabiy  c lose  f i t t i n g  
functions f o r  the categor ies  of food, s h e l t e r  ( including durables),  t r ave l .  
services  and investment oan be deduced from the  expenditure pat terns  i n  the wkcle 
raqm of countr ies  of the  aorld.  
The ro le  of the  investor  whether as an individual,  an i n s t i t u t i o n .  o r  the st&.'+ 
I s  described by the apportioning of investment according t o  ths  p r o f i t a b i l i t y  
of the  opportunity. More p rof i t ab le  ventures receive higher investment than ' DIV 
yie ld ing  ones. 
'!he r o l e  of the  nlanager i n  an en te rp r i se  i s  t o  make the most e f f i c i e n t  use of 
the labour, raw materisle and c a p i t a l  a t  his disposal.  This i s  t o  be i r i t e rp r r t td  
aa e f f i c i e n t  i n  the monetary sense and operating within the constra int8  s e t  by 
the  markets i n  labour and raw maL+rials from which he buys. He must also operate 
within the  regulat ions  imposed t o  s a i n t a i n  sa fe ty ,  r e s t r i c t e d  emissions, e t c .  
The r o l e  of the  l e g i s l a t o r  is t o  impose such regulations as are  necessary t o  
maintain sa fe ty ,  r e s t r i c t e d  emissions, e t a ,  and ul t imately  he does this i n  
response t o  the  demands sf the  people en na3se. i.e. r e f l e c t i n g  the u t i l i e e s  
t h ~ y  percaive from safety ,  c lean air and water, etc.  
The mcdel 
bu ' i th  c e r t a i n  addi t ional  re la t ionships  specifying the accounting aspects,  the 
elements described above can be assembled t o  operate i n  time and generate t ine  
s e r i e s  f o r  observable var iables ,  given i n i t i d  conditions. Sectors whose 
outputs cons i s t  of food, s h e l t e r ,  t r a v e l  and semicee buy t h e i r  inpute from 
the fu r the r  sec to r s  of energy, metals, e tc ,  h i r e  t h e i r  labour a t  the current  
r a t e  arid s e l l  t h e i r  products a t  the pr ices  which consumers a re  prepared t o  pay. 
To operate such a model i t  i s  necessary t o  specify  the r a t e  a t  which populatioz 
is  increasing, the way i n  wwch income is dis t r ibu ted  and the change of s e c t o r  
inputs over time a r i a i n g  from resource exhaustion and teohnological advance. 
Over the last few decades, i n  the developed countries,  there  has been l i t t l e  
change i n  income d i s t r ibu t ion ,  l i t t l e  e f fec t ive  resource exhaustion a d  
technological advance has been f a i r l y  steady. The model described here f i f e  the 
time s e r i e s  da ta  i n  a credible  manner, r a t h e r  i n  the same way as the Cobb Douglas 
function with time driven technological advance f i t s  the time se r i es  of labour, 
c a p i t a l  and output f o r  individual  countries.  Indeed, tab assumptions about the 
behaviour of ro ie  piayers i n  the i n d u s t r i a l  system which underlie the derivation 
of the Bobb Douglas function c lose ly  p a r a l l e l  the  assumptions f o r t h i s  model. 
A var ie ty  of t e s t s  have been performod on the  model, t o  check s t a b i l i t y  and 
response t o  disturbarice. These have been ea t i s fac to ry  except f o r  response t o  3 
necessary subs t i tu t ion .  There have been many subst i tu t ions  take place i n  the 
past ,  e.g. coal f o r  wood without the l a rge  f luctuat ion which we discovered i n  the 
model behaviour. Tjie discrepancq. l i e s  i n  the method used t o  model investment 
behaviour. I f  we use investment based on past  p r o f i t a b i l i t y  then delays iil the 
response of the price/market mechanism r e s u l t  i o  down-swings of output during 
the  period of eubst i tu t ion.  
Anticipation I 
It i s  c l e a r  t h a t  an ant ic ipatory element is  present i n  the investment c r i t e r i a .  
Investors a r e  influenced by t h e i r  expectation of what the  fu tu re  holds. I n  o d e r  
t o  model t h i s  e f fec t ,  we operate a rehearsal  of the fu tu re  every few time s teps ;  
about onoe a year. The rehearas: cons i s t s  of running the model forwards and 
ca lcu la t ing  the  discounted re tu rn  t o  investment i n  each of the sectors ,  incl.uding 
sectors  which a re  i n  nascent form a t  the  time the rehearsal  starts. A s  a 
r e s u l t  of the  rehearsal ,  investment is made aeoording t o  the ne t  present value 
of fu tu re  re turn,  and the  main roodel run continues with t h a t  investment pat tern  
u n t i l  the next rehearsal .  
This procedure haa a profound e f f e c t  on behaviour of the  model during a period 
of subst i tu t ion.  For high discount r a tes ,  the  down-swing of output ocdurs, but 
f o r  low discount r a tes ,  there  is v i r t u a l l y  no down-swing a t  a l l .  We argue t h a t  
not only is  behaviour of the  model including a n t i c i m t i o n  r e a l i s t i c ,  but t h s t  
our  knowled.ge of the c r i t e r i a  used by decision sakere responsible f o r  investment 
suggests t h a t  they attempt rehearsals  i n  an informal manner. 
I n  order t o  use t h e  model f o r  projection purposes it is necessary t o  postula te  
t h e  existence of sectors  i n  "seed form" s o  t h a t  when the  groivth of the eeed i s  
possible because i t  i s  econmical ly  .liable, then this can occur i n  the model. A 
range of such seed sec to r s  can be specif ied f o r  possible f r u i t i o n  during the  
next f i f t y  years,  e.g. desal inat ion,  s o l a r  farms,large sca le  recycling, e tc .  
The problems of pollution would appear t o  be outside the scope of the  nodrl 
described, but  t h i s  is not s o  i f  i t  i s  accepted th t  there  e x i s t s  always a s t rong 
feedback mechanism, which operates when there  i s  rea l i sa t ion  of the d a n e r s  of 
pol lut ion,  The d i s l i k e  of pol lut ion i s  manifested in  the  f o m  of regulations.  
standards,  e t c  which e n t a i l  the  i n s t a l l a t i o n  of pollution abatement e q u i p e n t  
by the indus t r i e s  concerned, o r  i n  extreme c m e s  the decl ine  of the  industry i f  
the  cos t s  of abatement a re  too high. Costs of pollution abatement a re  therefore 
included i n  the  accounting zalcula t ions  f o r  each aector, and the v i a b i l i t y  of 
prescnt and fu tu re  sectors  then depends on these costs i n  addi t ion t o  the  costs  
of input mater ia ls ,  labour and depreciation of capital .  
Technological advance 
For any s ing le  product i t  i s  observable t h a t  the  eff ic iency with which i t  has 
been produced (measured by the quan t i t i e s  of labour, @ a t e r i a l s  and enerer v~:hici  
a r e  required f o r  one un i t  of output) tends to improve more slowly as time 
advances; appearing t o  approach a plateau asymptotically. The reasons f o r  t h i s  
a r e  twofold. There are the  laws of thermodynamics which limit the oi f ic icccy of 
processes l i k e  photosynthesis and the  operation of heat enginas. Secondly, the 
proper t ies  of materials do not allow of the  developo~ent of perfect  heat insula  tog 
f r i c t i o n l e s s  movement, eto.  
The whole range of i n d u s t r i a l  and agr icu l tu ra l  output can be measured by the 
quant i ty  of s t ruc tu re  o r  order ( i n  a thermodynamic sense) which is created by the 
channelling of. energy. The quantity .$-P P as the number of b i t s  of 
information contained i n  an assembly with probabili ty p of occurrence, can he 
calcula ted f o r  each type of output and limits s e t  on the  efficienoy .with which 
this order can be created. I n  many cases there  ape two processes occurring 
concurrently. The natural  stricture which i s  p ~ s e n t  I n  the  form of concentmtiol 
of metal l i femus ores,  almost pure water, e tc .  i s  being depleted, but the 
e f f i c ienc ies  with which indus t r i a l  a c t i v i t y  i s  performed have bees increasing. 
Both aspects of the production process must be represented i n  specifying the  
sectors .  
The descr ipt ion i n  terns  of quantity of order a l lovs  of a quant i ta t ive  me%surp 
t o  be applied t o  the outputs of fu tu re  sectors  without the  requirement t o  define 
the e x p l i c i t  charae Ler of the  ho;ls ing, t ravel ,  durables, e t c  W ~ I  w i l l  be prorlucedl 
The element of uncer ta inty  which remains, i s  the  r a t e  a t  w.hich approach i s  made 
t o  the  l i m i t s  s e t  by themodynamica and the  properties of materiale. 1 
I 
Exomneous var iables  
Although there  have been p o p o s a l s  f o r  the  constmct ion of a causative populatio 
model with d e t e d n a n t s  of f e r t i l i t y  in -bu i l t ,  the  studies i n  this f i e l d  a,.spexc I i n ~ u f f i c i e n t l y  advanced t o  generate c o ~ l i d o n c e  i n  them. F e r t i l i t y  r a t e s  a re  i 
I 
therefore  t r ea ted  as erogeneous var iables ,  and scenarios generated f o r  a l t e r n a t i d  
possible ra tes .  
The an t i c ipa t ion  l eve l ,  as r e f l ec t ed  i n  the discourat r a t e ,  although it may be 
estimated i n  a p a r t i c u l a r  context  i s  c l e a r l y  influenced by the c u l t u r e  and 
a t t i t u d e s  prevail ing.  The publ ica t ion  of modelling r e s u l t s  which ind ica t e  the 
e f f e c t  of choosing p a r t i c u l a r  discount r a t e s  can i t s e l f  influence the  e f f ec t ive  
discounting employed. Scenarios f o r  d i f f e r i n g  discount r a t e s  a re  therefore  
required. 
The va r i a t ion  of the  qua l i t y  of l i f e  is  s t rongly  af fec ted  by income d i s t r ibu t ion ,  
within each country, but  even more importantly between countr ies .  There would not  
appear t o  be m s v l v  of predic t ing  the ex ten t  of al truism. but d i f f e ren t  scenarios 
correspondirg t o  d i f f e r e n t  l eve le  of a i d  t o  the  l e s s  developed countr ies  can be 
generated. 
F inal ly ,  the  spec i f i ca t ions  f o r  new sec to r s  must be part17 speculat ive,  e spec ia l ly  
vhen the projec t ions  a r e  pushed very f a r  i n t o  'the fu tu re  and therefore  scenar ic  
v a r i a t i o n  with respect  20 va r i a t ion  of these s p ~ c i f i c a t i o n s  i s  necessary. 
Control 
.- 
The poss ib le  f u b r e s  appearing i n  these d i f f e r e n t  scenarios may contain aspects 
regarded as undesirable.  Fdany decis ion  makers, i . e ,  many ro l e  players a r e  
inq:slved i n  a given change of t r a j ec to ry .  Choosing a lower f e r t i l i t y  r a t e  is  a 
matter  of immense nunbers of people deciding the  movement i n t o  one f u t u r e  
va r i a t ion  r a t h e r  than mothe r .  It has been pointed out  t h a t  the use of a 
p a r t i c u l a r  discount r a t e  has a e t m n g  e f f e c t  Jn the  s t a b l e  performance of the 
syatem and the a t t i t u d e  of decis ion  makers i n  th i e  respect  can ba d f e o t e d  by 
bel ieving t h a t  an undesirable f u t u r e  would r e s u l t  from too low a l e v e l  of 
ant ic ipa t ion .  The moot r a d i c a l  e f f e c t  on the  fu tu re  would be produced by a change 
i n  the  products which consumers des i re ,  i . e .  by a change i n  the  u t i l i t y  functions.  
P.C. Roberts 
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1. I n t r o d u c t i o n  
I n  t h i s  paper  we s h a l l  g i v e  a  sys tem t h e o r e t i c  c o n s i d e r a t i o n  
1 )  t o  t h e  world  model proposed by Mesarovic  and P e s t e l  group.  
I n  p a r t i c u l a r ,  we s h a l l  t r y  t o  f o r m u l a t e  key c o n c e p t s  u n d e r l y i n g  
t h e  model. T h i s  paper  r e p o r t s  p r e l i m i n a r y  c o n s i d e r a t i o n s  and 
t e c h n i c a l  r e s u l t s  w i l l  b e  p r e s e n t e d  i n  succeed ing  papers .  
2. Formula t ion  of  t h e  World Model 
F ig .  1 shows a  b a s i c  s t r u c t u r e  o f  t h e  world  mode<) The 
model i s  c h a r a c t e r i s t i c  of  i t s  h i e r a r c h i c a l  s t r u c t u r e .  The 
h i e r a r c h y  c o n s i s t s  of  t h r e e  fundamenta l  s trata,  i n d i v i d u a l  o r  norm 
s t r a t a ,  o r g a n i z a t i o n a l  o r  group s t r a t a  and n a t u r a l  o r  c a u s a l  s t r a t a .  
The i n d i v i d u a l  s t r a t a  i s  f o r  i n d i v i d u a l  p e r s o n s  on  t h e  world .  
The e s s e n t i a l  r o l e  of  t h i s  s t r a t a  i n  t h e  world  model is  t o  s p e c i f y  
a  norm f o r  d e c i s i o n  making of wor ld  problems.  T h i s  s t r a t a  is,  
hence ,  c a l l e d  a  norm s t r a t a  and is  -p .d rac te r i zed  by i t s  norm. 
Each i n d i v i d u a l  pe r son  on  t h e  world  is  i n t e r e s t e d  i n  many f a c e s  
o f  wor ld  problems,e .g . ,  food s h o r t a g e ,  a i r  p o l l u t i o n  and o t h e r s .  
These  problems a r e  r e p r e s e n t e d  by t h e  c a u s a l  s t r a t a .  L e t  Y b e  
t h e  set o f  outcomes o r  c o n d i t i o n s  of  t h e  c a u s a l  s t r a t a .  L e t  X b e  
t h e  set s u r r o u n d i n g  t h e  c a u s a l  strata. Then, t h e  norm 
of  t h e  i n d i v i d u a l  s t r a t a  c a n  b e  e x p r e s s e d  by t h e  f o l l o w i n g  two f a m i l i e s  
o f  mappings ( 4 I,' } and { T ,!'(} 
A, 
6 : " :  x - v  
T: x - \ /  
, rJ 
where 6, ( X ,  1 ) i s  i - t h  i n d i v i d u a l ' s  e v a l u a t i o n  of  t h e  outcome y  under 
t h e  c o n d i t i o n  x of t h e  n a t u r e  a n d ~ y F ( ~ ) t h e  t o l e r a n c e  limit f o r  t h e  
p r e s e n t  c o n d i t i o n .  V is  a n  ordered  s e t  of v a l u e s  whose o r d e r i n g  w i l l  
b e  denoted by L , Then, t h e  i - t h  i n d i v i d u a l  is s a t i s f i e d  w i t h  p r e s e n t  
c o n d i t i o n  y  of t h e  c a u s a l  s t r a t a  i f  t h e  f o l l o w i n g  r e l a t i o n  h o l d s .  
( V X ) ( X  4 G ~ ( x , ~ I  > T ' ~ ( Y ) )  
The o r g a n i z a t i o n a l  s t r a t a  r e p r e s e n t s  policy-making and a d m i n i s t r a t i v e  
f u n c t i o n s  of t h e  world and i ts  u l t i m a t e  purpose i s  t o  c o n t r o l  t h e  c a u s a l  
s t r a t a  s o  t h a t  every  i n d i v i d u a l  is s a t i s f i e d  w i t h  t h e  outcome of i t .  
S i n c e  i n d i v i d u a l s  a r e  u s u a l l y  incompat ib le  i n  t h e i r  e v a l u a t i o n s  of 
s t a t e s  one a n o t h e r  , i n  t h e  o r g a n i z a t i o n a l  s t r a t a  g o a l s  and t o l e r a n c e  
limits of t h e  norm s t r a t a  should be  i n t e g r a t e d  i n t o  a n  aggrega ted  g o a l  4- A 
and t o l e r a n c e  l i m i t  T ', ,'. e ., 
4 A : X i Y 4 v  
T A :  X -+ V 
It i s  n o t  easy  t o  f i n d  a  r e a s o n a b l e  a g g r e g a t i o n  of g o a l s  of i n d i v i d u a l s .  
T h i s  problem w i l l  be  cons idered  l a t e r .  G* g i v e s  j u s t  an e v a l u a t i o n  
c r i t e r i o n  of  t h e  s t a t e  b u t  does n o t  s p e c i f y  c o n t r o l l i n g  v a r i a b l e s .  
The o r g a n i z a t i o n a l  s t r a t a , t h e n ,  have t o  form a  g o a l  and a  model of t h e  c a u s a l  
s t r a t a ,  which s p e c i f y  a  manipu la t ing  i n p u t  f o r  t h e  c a u s a l  system. 
Le t  t h e  newly formed g o a l ,  r e f e r r e d  t o  as a n  implementat ion g o a l  ~ " 4  
and t h e  model : , f  t h e  c a u s a l  system b e  a s  fo l lows  : 
& l M r ;  pl x x  x y  + v 
P : PI .t ----A 
where M i s  t h e  s e t  of manipu la t ing  i n p u t s .  
In the real world the causal strata is intrinsically regionalized. 
For instance, the population problems of the south east Asia are quite 
different from those of Latin America. Each local government is,hence, 
enforced to solve its problems in a regionalized way as well as in a 
51 global way. This is exactly a multilevel hierarchical structure. 
In order to make the representation of the model simplewe assume 
that the multilevel system is a two level system. 
The basic structure of a two level system is shown in Fig. 2. 
Suppose the causal strata consists of n regions and let the submodel 
where 
(subprocess) representing the i-th region be as follows. 
P i :  ML x X; n u,- -+ yi i i  = ~,..,-n) 
M 6 H I %  x .  MM, 
y = y, x - - - - A ,  ym 
x = X , K  - -  x x m  
iTL represents the set of interaction inputs from the other regions. 
Let the representation of the interaction be as follows : 
K .  : X X Y  -9 Ui (;=I, . . . ,  4l) 
Each local organization which controls P; is specified by its goal G ;  
and tolerance limit 
, ; . ? 
Fi;: M;xX;rW;r'fLxC, 4 V; 
T;: xi wV; 
C E  represents the set of coordinations from the upper level system. 
The family of ( P I . ,  Gq Ti) (;=I,., 12 ) constitutes the lower level system 
of the two level system. The upper level system is the coordinator 
of t h e  lower l e v e l  system and i s  fo rmal ly  expressed  by ( &, , Po To ) ,  
t h a t  i s ,  
G, : CXXXF -+ V 
Po : C X X  -+ F 
T, : X - V  
where F  i s  t h e  s e t  of feedback in format ions  from t h e  lower l e v e l  
and C = C,Y. - - . . -  X[.%, The implementation goa l  GI" i s  t h e  o v e r a l l  
goa l  f o r  t h e  two l e v e l  system. The two l e v e l  system is  c o n s t r u c t e d  
t o  implement i t .  Although t h e  f i n a l  o b j e c t  of t h e  c o o r d i n a t i o n o f  
t h e  u p p l c r  l e v e l  sys temis  t o  ach ieve  t h e  o v e r a l l  g o a l  ( implementation 
g o a l  ) ,  i t s  g o a l  does n o t  n e c e s s a r i l y  r e p r e s e n t  t h e  o v e r a l l  goa l  
c'icect1.y. The i m e d i a t e  purpose of  t h e  upper l e v e l  is  t o  harmonize 
the lower Lcvel systems.  I t  is  n o t  necessary  t h a t  t h e  upper l e v e l  
Y 
can  ach ieve  t h e  o v e r a l l  g o a l  thsugh harmonizing c o n f l i c t s  among t h e  
lower l e v e l  subsystems.  T h i s  i s  a  problem of  goa l  harmony d i s s c u s s e d  
l a t e r .  I n  t h i s  m a l t i l e v e l  s t r u c t u r e  communications among lower l e v e l  
d e c i s i o n  makers do no t  e x i s t  i n  e x p l i c i t  forms. ~ h j ~  does n o t  mean t h a t  
communications a r e  n o t  allowed. Rather  i n  t h i s  model comrnunicationq 
a r e  embedded i n t o  t h e  c o o r d i n a t i o n  scheme. I n  t h e  weakest form of 
c o o r d i n a t i o n  i t  may be%hannel f o r  t r a n s m i s s i o n  of in format ions  among 
t h e  lower l e v e l  d e c i s i o n  makers whi le  i n  t h e  s t r o n g e s t  t h e  c o o r d i n a t o r  
is a l e a l  d e c i s i o n  maker who g a t h e r s  in format ion  of t h e  s t a t e  of lower 
l e v 2 1  and makes a  d e c i s i o n  of  t h e  c o o r d i n a t i o n  v a r i a b l e  t o  harmonize 
t h e  'lower l e v e l .  
When we constructs complex l a r g e  s c a l e  s y s t e m , t h e  c o n s t r u c t i o n  
i s  u s u a l l y  done i n  a  h i e r a r c h i c a l  wa$) This  h i e r a r c h y  w i l l  be  r e f e r r e d  
t o  a s  a model b u i l d i n g  h i e r a r c h y .  F ig .  3 shows t h a t  concept  of  
hier,3rchy. 
I n  F ig .3  X; r ep re sen t s  environmental cond i t i ons  f o r  model building,  
f o r  i n s t ance ,  model s p e c i f i c a t i o n ,  a v a i l a b l e  da t a  and o the r s .  
Y, r ep re sen t s  a  model. S, i s  a  model bu i l d ing  procedure. 
W, and C, r ep re sen t s  i n t e r a c t i o n s  among model bu i l d ing  procedures.  
I n  Fig.  3  t h e  lowest procedure S, i s  assumed t o  produce t he  most 
d e t a i l e d  and concre te  model while t h e  h ighes t  procedure S e d o e s  
t he  most a b s t r a c t  one. A s  t he  l e v e l  goes up, a  produced model 
becomes l e s s  d e t a i l e d  and more a b s t r a c t .  A modelby S, is 
cons t ruc ted  based on a  l e s s  a b s t r a c t  model by S;- 1.  
The r e s u l t  of Si-1 is t r ansmi t t ed  t o  S,: by w;while t he  requirement 
from S,: t o  Si-I  by c i - I  . The model bu i l d ing  h i e r a r chy  is ,  then ,  
expressed a s  fo l lows  : 
s m  : x*x w* - 7 Y*' 
S, : X ,  * C ,  -> Y ,  
S; : X;a W; x C ;  Y; ( 2 L i  L k - I )  
h ;  : Y. * W ,  t 1 ( 1  Li < % - I ]  
R :  : y; --. C,-, ( 2  L A  La) 
Due t o  t h e i r  r o l e s  i n  t he  h i e r a r chy  h; and k, w i l l  be r e f e r r e d  t o  a s  
a b s t r a c t i o n  mapping and r eques t  mapping, r e spec t i ve ly .  Le t  
x = X I  x - . .  * Xb 
Y =  Y , * - . - -  x Y, 
Then the  model bu i l d ing  h i e r a r c h i c a l  system is def ined  by t he  
fo l lowing  mapping S : 
S : ~ u { h } t {  kf j Y 
where h = c h x , . . - - , h * - l )  
k ~ ( k ~ , .  . . , k.h 1 
such t h a t  the  fo l lowing  cons is tency  r e l a t i o n s  hold. 
S, (h, d ; ) =  v * ;  S ,  ( : % I , c ~ ) = ~ ~ I ;  
, , , = ( 2 L i l n - 1  
4; ( . j ' ) = ~ d : + l  ( 1  4 i  G M - 1  7 
= - I  ( 2 5  i f  'M) 
The world model proposed by Mesarovic and P e s t e l  can be 
characterized by the  above two types  of  hierarchy,that  i s ,  
h i e r a r c h i c a l  model and h ierarchica l  model bui ld ing .  Based on the  
above formulation key concepts and problems f o r  the  world model 
w i l l  be presented i n  the  next  s e c t i o n .  
3 .  Basic Concepts of the World Model 
In order to discuss basic concepts and problems of the world 
model we need concepts of similarity of models and extended topology. 
They are briefly presented in Appendix. 
Since the world is a complex system, study of it produces many 
problems. In this paper,since we cannot cover every problem of it 
due to apparent reasons, we shall discuss the following concepts which 
seem the most fundamental for the model; interaction for the causal 
strata, goal harmony for the hierarchical structure, structural stability 
for the overall model, vertical decoupling and modeling stability for 
the hierarchical modeling. 
3.1 Interaction 
Usually a large scale system is used as a synonym of a complex 
system. However, a large scale system is not necessarily a complex 
system. This is clear if we consider a large scale linear programming 
problem. However large its size may be, a linear programming problem 
is conceptually quite simpae. 
Intuitively a system is compelx when it is forced to be recognized 
can 
as consisting of interacted subsystems. Thus w w a y  that complexity is 
characterized by interactions. The causal system of the world model 
is usually a huge system and difficult to be handled effectively. 
However, if its difficulty were solely due to its largeness, its diffi- 
ulty might be solved by only technical improvement in data gathering 
and handling. But in reality its difficulties come from its complexity 
as well as its largeness. The dificculty due to complexity cannot be 
Uvercomewithout understanding basic properties of interaction. 
Since an interaction is usually a given value, it is considered 
a primary concept but as the following example shows, it is a secondary 
one and its expression depends on modeling of a complex system. Fig.4 
illustrates a simple interacted system. This system consists of two 
subsystems whose inpuL and output are n,and kl,and q, and , respct- 
ively. In Msdel A of Fig. 4 these subsystems are represented by 
In this model it is natural to specify the interaction inputs as 
uI = y1 and uz = y,. If we solv'e the ,above system equations (2) 
with respect to y, and y, , we have 
Y, = -10 m, -20 mz ( 3 )  
y, = -20 mt -20 m + 
It is clear that these newly obtained equations (3) also represent the 
original interacted system. Model B in Fig. 4 illustrates the re- 
presentation by Eq. (3 )  where the interactions are &,= m,and u , = m l .  
The above simple example shows that an interaction cannot be 
uniquely determined even if its existence is doubtless. Furthermore, 
the representation ofamodel 'of an interacted system is shown to change 
drastically depending on selection of the interaction. The second fact 
cannot be overlooked because in practice it is common to estimate a 
rough behavior of a subsystem by neglecting its interaction input. 
If we do so for the above example, the input and output relation of S,in 
Kodel A is given by 
y, = to rn ,  
while that in Model B is given by 
Lal, - \ o m ,  
On estimating the behavior of S, Model A will ,then, produce a result 
completely different from that Model B does. 
We know that an interaction is vital to a compelx system and also 
have known that it is a secondary conept and that its expression depends 
on modeling of the complex system just as the representation of a state 
space depends on modeling of a, dynamical system. Then, an important 
problem is to clarify how an interaction concpet can be derived from a 
suitably chosen primary concept. As a Primary concept the following defi- 
nition of a complex system can be used. 
Let M C  MIx - - -  X M r  
)( c % , w  - -  - X m  
y C y , ~ - -  . x  Y m  
Def. 1 : Complex System 
~ e t  S .  C ( M ~ P X ; )  xY-, ( ;=\, - A system 
M 
S C(M%X)X Y is called a complex system if and only if the 
following holds 
c s , ~  - . .  *SM 
The.above definition is uot accurate in the sense that ( M  X X ) X  \( cannot 
be a subset of S,A - - . xS,. However ,, since S can be embedded into 
S , K - -  .  - X S ,  in the obvious way, we use the definition of complex 
system in the above form. In Def. 1 S. is apparently a subsystem of S.  
.%# 
A definition of mutual dependency of subsystems can be introduced as 
follows. 
Def. 2 : Mutual Dependency 
Subprocesses ate mutually dependent if and only if s is a proper 
subset of S ,X - - - - XS,,, . 
The mutual dependency implies the existence of interactions among 
subsystems and really we can show that if subsystems are mutually 
dependent, then there exist an interaction variable UL and the complex 
system can be represented by Eq.,(l). These technical facts will be 
reported in the succeeding paper. 
3.2 Goal harmony 
The world model is essentially a goal seeking system and hence 
its behavior is specified by its goals. As Fig. 1 shows the world model 
consists of various kinds of goals. Goals of the modelare classified 
I h 
as individual gaals G , aggregation goals G' , implementation goal 
and goals of the multilevel system. These classified goals are not in- 
dependent and related by transformatio~,t.t., goal transformations. 
Let the goal transformations be as follows. 
w+' : ?{c;C$ - Wkt 
~ ' ~ p :  ---5 1 
N : qC+'pf 4 C C G . ~ Q ~ *  - - r c C m ) )  
where {(+':{, <dM'( and r( q., - - - 5 ern ) f a r e  t h e  s e t s  of 
goa l s  of @:, GI, &IMP and ( Ge, - --, 6.~1 9 r e s p e c t i v e l y .  The 
goal  t ransformat ions  cannot be a r b i t r a r y  and should s a t i s f y  some pro-  
p e r t i e s  i f  t hey  a r e  accepted a s  reasonable  by t h e  s o c i e t y .  The goal  
harmony i s  one of  such p r o p e r t i e s .  In o rde r  t o  d e f i n e  t h e  goal  harmony 
we s h a l l  in t roduce  s eve ra l  o rde r ing  r e l a t i o n s .  Let SCG';) C yuy 
'9 ~ ( $ ~ ) ~ ' t * ~ x ) ( C r ' ~ ( x , y )  I ~ ' c c r . ~ ) )  
t h a t  is ,  t h e  s i t u a t i o n  y 'of  t h e  causa l  s t r a t a  i s  pre fe r r ed  t o  t h e  
s i t u a t i o n y  by t h e j - t h e  i nd iv idua l  i f  and only i f  i n  any environmental 
cond i t i ons  9' y i e l d s  b igger  va lue  o f  G ! ~  than  4f does. I t  i s  easy t o  s ee  
I 
t h a t  ~(($2) is a  p a r t i a l  o rde r ing  r e l a t i o n .  The family o f  t h e  order ing  
r e l a t i o n s  1 ~ ( 4 - l :  ) f determines a p a r t i a l  orderings(@,on Y a s  fol lows.  
Let < ( G I @ )  c YxY & 
' b $ ~ q "  Y' o c v ~ ) ~ y  ,cl*':) 9') 
The r e l a t i o n < ( # ~ m a y  be c a l l e d  preference  o f  t h e  soc i e ty .  S imi l a r l y  
A aggregated goal  de f ine s  a  p a r t i a l  o rder ing  r e l a t i o n a q )  on \( a s  
fo l lows .  
y5(qh) 3' & V X ) C @  err 9) 5 $CX, yf ) )  
A goal  harmony with r e spec t  t o  q i s ,  then ,  def ined  by <(&and <(@) 
a s  fo l lows .  
c ( q " ' $ l p l , )  % I  Y st@") 4 ----t 9-  (4 1 
~ h a t ' i s ,  i f  y ' i s  p r e f e r r ed  t o  y  by t h e  s o c i e t y ,  then y b  should be a l s o  
IN 
p r e f e r r e d  t o  y  by t h e  aggregated goal  yb(a  ), o r  t h e  goal  harmony r e q u i r e s  
t h a t  t h e  goa l  t ransormat ion  should transform ?r$&t f so  t h a t  t h e  r e l a t i o n  
w 
(4) holds. A goal harmony can be defined i n  var ious  ways. For ins tance  
y < ( ~ * c q ' ~ ) )  Y '  -9 G~b'')4)' 
i s  another form of a goal harmony of vA. A goal harmony with respect  
t o  q'" can be formulated a s  follows.  Let <(G''~) C w m f l  and <(&'P)c M~b''l 
be such t h a t  
en <(glMP) rn1++&x)( GQcm . x ,  Pc1.4 ($"?w', x .  ? c m ' , n ~ )  
and 
WL(+'P)+~'  HLVL)(F'(I, p ( m . x , )  Q $'(z, p(ml,x,r)  
Then, a goal harmony of v ' * ~  i s given by t h e  following r e l a t i o n  
m 6 ( ~ ' ' ~ )  nnl --+m < ( @ p )  m i  
Fina l ly ,  l e t  <(q,) C CX C be such t h a t  
ys(eb~~' -<vx)(  6 0 ( ~ , ~ ,  p o ( v P ~ )  $ @ b ( ~ { ~ > p s ( 8 ' , ~ ) ) )  
~ e t h ~ ~ r )  E be a decis ion  made by the;- the subsystem of t h e  lower 
l eve l  goal seeking system when a coordination r G C i s  given. Let 
FI &(I) =(m, (~ ) ,  --.,~I,u)) Then, a goal harmony of H i s  given by a s  foalows. 
Y ~ ( q . ,  --- 41 CYI s (qlrp~ 'r;r t a') c5) 
The goal harmony given by (4) has been s tudied  i n  the  soc ia l  
A welfare funct ion  theory where corresponds t o  a s o c i a l  welfare function5'. 
Some condi t ions  has been known when qA s a t i s f i e s  t h e  goal harmony. 
The goal harmony of (ylMP has not  been s tudied  so  much i n  a formal frame- 
work. The modified form of t h i s  has been t r e a t e d  by soc ia l  sc iences  such 
a s  economics, p o l i t i c a l  sc ience  and/or sociology. One of t h e  typ ica l  
r e s u l t  of t h i s  goal harmony may be t h e  theory  of p r i c e  mechanism. I f  P 
i s  an idea l  market, we know f a i r l y  well how t o  cons t ruc t  6' from eA. 
3 The goal harmony ofF(  i s  a main sub jec t  of  mu l t i l eve l  systems theory . 
IN? 
It is not easy to ccnstruct G, from @ such that (5)  is satisfied 
and so in many practical constructions of multilevel systems a modified 
3) form of (5) is used . 
3 . 3  Structural stability 
Stability has been a central topic of systems theory and most of 
the researches are concerned with dynamical stability. Dynamical sta- 
bility is certainly important for a large scale complex systems, but 
when we apply a theory of dynamicalstability to a system, we must have 
a fairly accurate model of it. This is usually hard to be expected 
for a large scale complex system., This enforces us to try to find a 
method to treat a system *ability in a qualitative way. The strucural 
stability we shall present below isastatic and qualitative concept of 
6 stability. This type of stability has not be studied so much so far . 
However, it has to be studied with increasing attention. 
Suppose the structure of the world model is represented by a t r i p l e t  
c vA, v", ti ) - A In the real world 9 , \ylHB and H may be con- 
sidered to correspond to a political structure, an administrative structure 
A trt 
and a bureaucratic structure, respectively In general the form of ( y ,  '# , ,H)
is dependent on the environmental conditions. Let the dependency be 
denoted by R, , that is, 
: X  q'MPI H)]  
Certainly, it is very difficult to determine a concrete form of R I  
and moreover, R, may be a relation rather than a mapping. Since the 
purpose of this paper is to present basic concepts of the world model 
r a t h e r  t han  any deep r e s u l t s ,  we proceed our  argwnent assuming t h a t  R ,  
i s  a g iven  f unc t i on .  Let R z b e  a mapping from t h e  s e t  o f  s t r u c t u r e s  i n t o  
a s e t  of forms of  model (Refer  t o  Appendix) i . e . ,  
g, : t (  @, q. I+': HI) +: ferm b t  m o d e l 4 1  
Then, t h e s t r u c t u r a l  s t a b i l i t y  o f  t h e  world model i s  de f i ned  a s  fo l lows .  
Def. 3 : S t r u c t u r a l  s t a b i l i t y  
The world model i s  s t a b i l e  a t  t h e  form f i f  and o n l y  i f  
( V N c f ) ) ( 3 ~ t x ) ) ( R , R , ( F l [ x , )  CNIf ) )  
where R g  Rl(x)'f and N(f) and N(x) a r e  neighborhoods o f  f and x. 
r e s p e c t i v e l y  (Refer  t o  Appendix). 
Roughly speaking,  t h e  model is o f  s t r u c t u r a l  s t a b i l i t y  i f  t h e  form of  
t h e  model does no t  change a s  f a r  a s  t h e  change o f  environment i s  no t  so 
l a r g e .  
A Lyapunov t ype  s t a b i l i t y  ha s  been cons idered  i n  t h e  framework 
o f  gene r a l  systems t heo r y  and some s o l i d  r e s u l t s  have been obta ined  f o r  
i t 7 ) .  The s t r u c t u r a l  s t a b i l i t y  may be more d i f f i c u l t  than  t h e  Lyapunov 
t y p e  s t a b i l i t y  bu t  is  worthy o f  making a hard r e s e a r c h  e f f o r t .  
3.4 V e r t i c a l  decoupl ing  
When we b u i l d  a model o f  a complex l a r g e  s c a l e  system, t h e  model 
b u i l d i n g  procedure i t s e l f  i s  a complicated system and hence can be a 
r e s e a r c h  s u b j e c t  o f  complex systems theory .  
A s  mentioned i n  Sec t i on  2,  i n  t h e  p r e sen t  p r o j e c t  t h e  world model 
is  b u i l t  i n  a h i e r a r c h i c a l  way. There a r e  two concepts  of  s i g n i f i c a n c e  
for the hierarchical model building. One concept isvertical decoupling 
and another modeling stability. These concepts are related each other. 
We first introducevertical decoupling. 
Def. 4 Vertical decoupling 
+ 
The model building procedure is of vertical devoupling at cG~+, , Ci-,) Ci4,.,n) 
if and only if 
A h tw~k)(3tk)(34>)(%:t9&) = mi*, & + % (  % k )  a C ; - , )  
If the model building procedure is vertically decoupled, then for any 
envirounmental change we can keep the interlevel interaction variablew~ 
and C; constant by adjusting the interfacing mappings hi and k, . If 
it is not difficult to adjusth; and k, , then the vertical decoupling 
is a quite desirable property. Modeling stability is introduced as 
follows. 
Def. 5 : Modeling stability 
A h 
The hierachical model building is stable at 2 =(I,, - - x n )  
if and only if 
( V N ~ E , ) ) ( W ~ ; E H ( ~ ~ ) ) (  3 a k ) ~ 3 + L ) t ~ i ~ ~ , ,  -&;(Q;I 
.kzc~;) = 4 x  l$iY,) 
This concept is related to the ability of adjustment of the system. 
If the system is of stability in the above sense, then as far as an 
environmental change is not so large, the system can adjust the inter- 
facing mapping so that the interlevel interaction variables remain con- 
stant. Consequently in the case of stability a change of one level does 
not influence the other levles. There is an obvious relation between 
the vertical decoupling and the modeling stability. That is 
Proposition 1 
If a model building hierarchy is of vertical decoupling,then it 
is of modeling stability. 
4. Conclusion 
I n  t h i s  p a p q  we made a system t h e o r e t i c  c o n s i d e r a t i o n  f o r  
t h e  world model proposed by Mesarovic and P e s t e l  group. 
We formula ted  s e v e r a l  problems of t h e  model. They should  be  c l a r i f i e d  
t o  some e x t e n t  b e f o r e  we ynderstand t h e  s t r u c t u r e  of  t h e  model. 
T e c h n i c a l  r e s u l t s  of t h e s e  problems w i l l  b e  r e p o r t e d  i n  t h e  succeeding 
paper .  
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I Form of Models 
When we define a structural stability of the world model, we use 
the concept of a form of models. Let Md be a set of models in consideratior.. 
Let 
E C w d r  nd 
be a similarity relation. A similarity relation is an equivalence re- 
lation. Let y be the quotient set of with respect to € , that is 
Y =  W ~ / E  
Then, the equivalence class Cmj & Y  (me Md) is referred to as the form 
of the modelm and y the set of forms. The similarity relation E is 
the most essential for the above definition. In order to illustrate 
the concept let us consider the following example. Let Model 1 and Model 
2 be represented by the following equations. 
Model 1: $, (d l ,  . . , U r n )  = 0 
Model 2: f,(d,, . . .  * d m )  = O  
where d ; ~  is a parameter. Then, a similarity relation can be defined 
as follows. 
.f, is similar to -f, +? [ln = rn and (3c;  R+R)(3CL: R+R) 
(& and &; are one-to-one correspondences and 
&f, (dl,. . . . ,dm) = fit'lhhdl , - . . *  CaMm) 
holds for any td,, - - .rd-) ) ]  
I1 Extended topology 
The concept of neighbourhoods is also used for the definition of 
stability. That concept is topological. In general we cannot expect 
the standard notion of topology holds for the world model and hence we 
have to use a generalized topology. The following is a generalized 
concept of neighbourhoods. 
Let X and A t  be arbitrary sets. Let 
H; : )( -3 Az 
be a mapping called classification mapping where . 
~ e t  Fi = % t t a , \ ~ & ' ~  1. For each 4h €1 let 
ELC ) ( rX  
be such that 
(x,x ' ) (E- ,  t-, H,CXI-H;(X'I 
Let EX]; = Xx'l L X ,  x ' )  c E ; ~  
Then. ltU;t;rl\ can be used as a generalized neighbourhood system of 
X x7). If the set of human beings on the world is taken as X,H; 
may be race, ideology and others. 
Roberto VACCA - I t a l y  
A c e r t a i n  optimism was d e t e c t a b l e  i n  P rof .  P e s t e l ' s  
s t a t ement  t o  t h e  e f f e c t  t h a t  d e c i s i o n  makers a t  l a r g e  seem 
t o  be more aware than o t h e r s  ( i n  p a r t i c u l a r  more than 
s c i e n t i s t s )  of t h e  e x i s t e n c e  and urgency of impending 
c r i s e s  and dangers t o  a s s o c i a t e d  l i f e  and t o  t h e  p l a n e t  
i n  g e n e r a l .  
I do n o t  s h a r e  t h a t  optimism and I ask:  what i s  t h e  
sense  of  having an i n t e r a c t o r  o r i g i n a t e  p o l i c y  and s t r a t e g y  
p roposa l s  and s o l u t i o n s ,  un less  t h e  i n t e r a c t o r  i s  a c t u a l l y  
a  d e c i s i o n  maker and t h e r e  may be a  c e r t a i n  conf idence t h a t  
he may be a c t i v e  i n  implementing t h e  most hopeful  p roposa l s  
and s o l u t i o n s ?  I n  f a c t  t h e  mere s i n g l i a g  o u t  of hopeful  
p roposa l s  and s o l u t i o n s  may be argued t o  r e p r e s e n t  nothing 
more than ano the r  form of t h e  "greenhouse approach,"  u n l e s s  
a t  l e a s t  t h e  p r o b a b i l i t y  of implementation i s  a l s o  determined 
Decision makers, both i n  government and i n  very l a r g e  
i n d u s t r i a l  o r g a n i z a t i o n s ,  have n o t  appeared t o  be too 
s e n s i t i v e  t o  t h e i r  r e s p o n s i b i l i t i e s  toward t h e  i s s u e s  r a i s e d  
by t h e  many predicaments mankind i s  a t  p r e s e n t  faced by. 
On t h e  o t h e r  hand dec i s ion  makers a r e  t o  some e x t e n t  
s e n s i t i v e  t o  t h e  even tua l  p r e s s u r e  of p u b l i c  op in ion .  
Would it n o t  be a p p r o p r i a t e  t o  inc lude  i n  a  g l o b a l  model 
an a n a l y s i s  on: t h e  e x i s t e n c e ,  t h e  e f f e c t i v e n e s s  and 
t h e  e v o l u t i o n  of p u b l i c  opinion (and e v e n t u a l l y  of v o t i n g  
op in ion)  on the  complicated problems of l a r g e  systerr~s? 
Th i s  should  a l s o  l e a d  t o  an a n a l y s i s  of c u l t u r a l  t r e n d s  
and t r a d i t i o n s ,  which may c e r t a i n l y  be r e l e v a n t  t o  dec ide  
f u t u r e  developments ( n o t  only  e a t i n g  h a b i t s  and l i f e  
s t y l e s )  s e e  page 10 of t h e  Mesarovic-Pestel  Report f o r  
Salzburg,  CRITICAL CHOICES FOR M A N K I N D :  LIMITS TO 
INDEPENDENCE) b u t  a l s o :  popula t ion l e v e l s  and improvement 
of human performance on a  l a r g e  s c a l e ) .  I t  may be argued,  
i n  f a c t ,  t h a t  one of  t h e  more urgent  a c t i o n  i tems i s  a  
massive c u l t u r a l  upgrading of t h e  c u l t u r a l  and e d u c a t i o n a l  
l e v e l s  of l a r g e  masses of popula t ion i n  o r d e r  t o  achieve:  
a  more informed and more e f f i c i e n t  p u b l i c  opinion ( i n  
p a r t i c u l a r  capable  of  e x e r t i n g  an a c t i o n  on d e c i s i o n  makers ) ,  
and a  h i g h e r  p r o b a b i l i t y  of a b l e r  and a u t h o r i t a t i v e  d e c i s i o n  
makers and a c t i v e  i n t e r a c t o r s  coming i n t o  e x i s t e n c e .  

